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82-03,  Hurricane  Havens  Handbook  for  the 
Atlantic  Ocean 
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1.  The  basic  volume  of  NAVENVPREDRSCHFAC  TR  82-03,  which 
contains  Sections  I-XI  (less  port  of  Newport,  RI,  Section  IX), 
was  distributed  to  units  of  the  U. S.  Atlantic  Fleet  by  refer¬ 
ence  (a)  and  to  additional  NAVENVPREDRSCHFAC  addressees  by 
reference  (b). 

2.  Enclosure  (1)  is  hereby  forwarded  to  all  holders  of  the 
basic  volume  as  specified  in  the  distributions  of  references 
(a)  and  (b).  Instructions  for  entering  these  change  pages  and 
additional  sections  into  the  basic  volume  are  provided  as  part 
of  enc 1 osure  ( 1 ). 


3.  Development  of  TR  82-03  by  this  command  is  a  continuing 
project;  distribution  of  future  port  evaluations  and/or  other 
changes  will  be  made  automatically  to  all  holders  of  the 
publ ication . 
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INTRODUCTION 


CAUTION: 


None  of  the  deep-water  harbors  evaluated  in  Sections  II- XVII  possess 
the  exceptional  qualities  needed  to  safeguard  ocean-going  vessels 
from  damage  in  a  "worst-case"  direct  hurricane  strike. 


Tne  impact  of  a  hurricane  strike  at  a  particular  port  varies  widely  and  can, 
to  some  degree,  be  forecast  according  to  the  particular  threat's  circumstances. 

This  handbook  provides  guidance  on  assessing  a  particular  hurricane  threat 
in  such  a  way  that  a  reasonable  choice  can  be  made  between  two  options  --  remaining 
in  port  or  putting  to  sea  --  with  this  decision  based  on  a  reasoned  compromise 
between  a  harbor's  protective  Qualities  .  and  unnecessary,  wasteful  sorties. 

Tnis  handbook  is  not  dedicated  exclusively  to  vessels  located  at  the  ports 
evaluated  as  hurricane  havens  in  Sections  1 1 - x  VII.  The  general  guidance  provided  in 
Section  I  will  be  of  value  in  the  decision-making  processes  aboard  ships  threatened 
by  hurricanes  at  other  non -evaluated  ports  or  at  sea  in  the  North  Atlantic  Ocean 
and  Gulf  of  Mexico. 

Locations  of  evaluated  ports  are  shown  in  the  figure  below.  Roman  numerals  on 
the  locator  map  correspond  tc  the  numerals  designating  handbook  sec t i ons/ ports . 


SEC  , 

PORT 

I  I 

NORFOLK, VA 

1  1  I 

CHARLESTON, SC 

IV 

KEY  WEST, FL 
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MAYPORT, FL 

VI 

KINGS  BAY, GA 

VI  I 

MOREHEAD  CITY, NC 

VIII 

NEW  LONDON, CT 

IX 

NEWPORT, RI 
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PENSACOLA, FL  ' 

XI 

GULFPORT, MS 

XI  I 

NEW  ORLEANS, LA 

XIII 

PORT  ARTHUR, TX 

XIV 

TAMPA, FL 

XV 

BOSTON, MA 

XV  I 

NEW  YORK, NY 

XV  I  1 

PH  1 LADELPH I  A, PA 
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SUMMARY 


New  Orleans'  location  m  the  hurricane  belt,  and  the 
absence  of  sheltered  facilities  and  anchorages,  render  it  a 
poor  hurricane  haven.  It  is  recommended  that  deep  draft 
vessels  evade  at  sea  when  New  Orleans  is  threatened  by 
hurricane  force  winds  (greater  than  63  k t ) .  Early  threat 
assessment  is  absolutely  essential  due  to  the  distance  that 
must  be  traveled  to  reach  open  water  (as  much  as  135  miles) 
and  to  the  limited  number  of  evasion  routes  in  the  Gulf  of 
Mexico. 

Advice  to  small  craft  is  to  remove  from  the  water. 
Otherwise,  seeking  shelter  in  the  Pearl  River  on  the 
Louisiana-Mississippi  border  is  recommended.  Little  shelter 
from  wind  or  tidal  surge  is  available  at  the  P  o  r  t  of  New 
Orleans. 

New  Orleans  is  the  largest  port  in  the  United  States 
and  the  third  largest  in  the  world.  It  is  an  extremely  busy 
shipping  terminal  that  handles  vessels  with  d  r a '  ,  s  to  4  0  ft 
as  well  as  a  multitude  of  smaller  vessels  enqaged  ’  r  a 
variety  of  marine  transportation  and  service  activities. 
River  barge  traffic  is  particularly  evident  as  New  Orleans 
is  the  southern  terminus  of  the  Mississippi  River  navigation 
system . 

History  has  demonstrated  that  the  hurricane  season 
poses  a  real  and  serious  threat  to  marine  activities  at  New 
Orleans.  New  Orleans  has  been  affected  by  tropical  cyclone 
activity  at  an  average  frequency  of  1.2  events  per  year. 

One  out  of  7  tropical  storms/hurricanes  passing  within 
180  n  mi  of  New  Orleans  has  caused  sustained  winds  greater 
than  33  kt  in  the  New  Orleans  area.  One  out  of  15  tropica! 
storms/  hurricanes  has  caused  winds  gusting  to  hurricane 
force  (64  kt  or  greater). 

The  hurricane  season  extends  from  late  May  through 
early  November,  with  September  being  the  major  threat  month. 
The  principal  threat  to  New  Orleans  is  from  tropical 
cyclones  approaching  from  the  southeast,  south,  or  south¬ 
west.  Eighty  percent  of  all  tropical  cyclones  entering  the 
180  n  mi  critical  area  in  the  109  year  period  of  1871 
through  1979  approached  from  these  directions. 


This  hurricane  haven  evaluation  was  prepared  by 
R.D.  Gilmore  Ocean  Data  Systems,  Inc,  (ODSI) 
Monterey,  CA  1940, 
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1.  GEOGRAPHIC  LOCATION  AND  TOPOGRAPHY 

As  shown  in  Figures  XII-1  and  XII-2,  the  Port  of  New  Orleans  is  located  on 
both  banks  of  the  Mississippi  River  in  the  southeast  section  of  Louisiana.  The 
lower  and  upper  limits  of  the  Port  are  approximately  81  and  115  miles  above  Head 
of  Passes,  a  common  reference  point  on  the  Mississippi  River  which  is  located  at 
the  junction  of  Southwest  Pass  and  South  Pass,  the  two  main  channels  leading  to 
the  Mississippi  River.  Head  of  Passes  is  20  miles  above  the  seaward  entrance  to 
Southwest  Pass  (Figure  X1I-3). 

The  banks  of  the  Mississippi  River  comprise  the  highest  terrain  in  the 
area,  with  much  of  the  developed  land  area  along  the  river  actually  being  below 
sea  level.  An  elaborate  levee  system  has  been  constructed  by  the  U.S.  Army 
Corps  of  Engineers  to  protect  low  lying  areas  from  flooding. 
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Figure  XII-1.  Mississippi  River  delta 
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The  Port  of  New  Orleans  can  be  reached  from  the  Gulf  of  Mexico  by  two  main 
routes.  The  first,  and  primary,  route  is  via  the  Mississippi  River,  which  may 
be  accessed  by  ships  using  Southwest  Pass  or  South  Pass  (Figure  X 1 1  -  3 ) .  A 
Federal  project  provides  for  a  40-ft  channel  over  the  bar  and  through  Southwest 
Pass,  and  a  17-ft  channel  over  the  bar  and  through  South  Pass,  to  Head  of 
Passes.  The  project  further  provides  for  a  40-ft  channel  from  Head  of  Passes  to 
New  Orleans  (U.S.  Department  of  Commerce,  1980). * 

A  second  route  to  the  Port  of  New  Orleans  is  via  the  Mississippi  River-Gulf 
Outlet  Canal  (Figure  XI I  -  3 ) ,  a  66-mile  channel  that  extends  northwest  from  deep 
water  in  the  Gulf  of  Mexico  to  the  Inner  Harbor  Navigation  Canal  at  New  Orleans. 
The  Federal  project  provides  for  channel  depths  ranging  from  36  to  38  ft.  Final 
access  to  the  Mississippi  River  is  via  a  640-ft  lock  at  New  Orleans.  Sill  depth 
at  the  lock  is  31.5  ft  at  low  water  (U.S.  Department  of  Commerce,  1980) . ^ 

There  are  no  bridges  or  cables  across  the  Mississippi  River  below  New 
Orleans,  but  two  bridges  cross  the  river  at  New  Orleans.  A  high  level  fixed 
highway  bridge  connecting  Algiers  and  New  Orleans,  0.6  mile  above  Canal  Street, 
has  a  clearance  of  150  ft  over  a  central  750-ft  width.  The  Huey  P.  Long  Bridge, 
a  combined  highway  and  railroad  bridge  crossing  the  river  9.6  miles  above  Canal 
Street,  has  a  clearance  of  135  ft  for  a  channel  span  width  of  500  ft  (U.S. 
Department  of  Commerce,  1980). 

One  bridge  and  two  cables  cross  the  Mississippi  River-Gulf  Outlet  Canal 
below  the  junction  with  the  Inner  Harbor  Navigation  Canal  at  New  Orleans.  The 
Paris  Road  Bridge,  a  fixed  bridge  with  a  clearance  of  135  ft,  is  located  about 
4.3  miles  east  of  the  junction  with  the  Inner  Harbor  Navigation  Canal.  The 
overhead  power  cables  across  the  canal  near  the  Paris  Road  Bridge  have  a 
clearance  of  170  ft  (U.S.  Department  of  Commerce,  1980). 

2.  PORT  AND  HARBOR  FACILITIES 

2.1  BERTHS  FOR  DEEP  DRAFT  VESSELS 

The  Port  of  New  Orleans  has  more  than  180  piers  and  wharves  located  on  both 
sides  of  the  Mississippi  River,  the  Inner  Harbor  Navigation  Canal,  and  the 
Mississippi  River-Gulf  Outlet  Canal.  In  addition,  over  100  additional  facili¬ 
ties  for  small  vessels  and  barges  are  located  on  adjacent  waterways.  Approxi¬ 
mately  one-half  of  the  deep-draft  facilities  are  for  public  use  and  operated  by 
the  Board  of  Commissioners  of  the  Port  of  New  Orleans.  Alongside  depths  on  the 
Mississippi  River  facilities  generally  equal  or  exceed  30  ft,  and  deck  heights 
average  22  ft.  Some  alongside  depths  and  deck  heights  are  less. 

^Contact  the  New  Orleans  District,  Corps  of  Engineers,  for  controlling  depths. 
2See  Notice  to  Mariners  and  latest  editions  of  charts  for  controlling  depths. 
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The  primary  reason  for  the  unusually  high  deck  heights  is  the  variation  in 
water  levels  of  the  river.  At  New  Orleans  the  extreme  difference  between  high 
and  low  stages  of  the  river  is  20  ft  with  the  mean  difference  near  14  ft.  The 
average  dates  of  high-river  stage  and  low-river  stage  occur  in  April  and  October 
respectively.  Zero  on  the  Carrollton  river  gage  (near  mile  103)  is  Mean  Sea 
Level  (U.S.  Department  of  Commerce,  1980). 

Alongside  depths  and  deck  heights  for  facilities  on  the  Inner  Harbor 
Navigation  Canal,  the  Mississippi  River-Gulf  Outlet  Canal,  and  adjacent 
waterways  have  little  uniformity.  Complete  details  of  berthing  facilities  at 
the  Port  of  New  Orleans  are  to  be  found  in  Port  Series  No.  20  published  in  1981 
by  the  U.S.  Army  Corps  of  Engineers.  The  publication  also  provides  details  of 
55  d i ese 1 -operated  tugs,  ranging  from  750  to  4,000  horsepower,  used  for  docking 
and  undocking  vessels  on  the  Mississippi  River. 

Facilities  at  Naval  Support  Activity,  New  Orleans  are  located  near  mile 
92.8  on  the  river  (Figure  XI I  -  4 )  where  the  Navy  maintains  a  374-ft  pier  on  the 
west  bank.  With  a  deck  height  of  20  ft  and  an  alongside  depth  of  35  ft,  the 
pier  is  normally  occupied  by  the  USS  William  C.  Lawe  (DD-763).  Several  U.S. 

Navy  small  craft  utilize  facilities  located  on  the  shore  (south)  side  of  the 
east  end  of  the  main  pier  structure. 


Figure  XII-4.  Location  of  U.S.  Navy 
Pier  facilities  on  Mississippi  River. 
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The  U.S.  Government  also  owns  and  operates  the  Poland  Street  Wharf  on  the 
east  bank  of  the  river  opposite  the  Naval  Support  Activity  pier  just  described. 
The  Poland  Street  Wharf  has  a  2,193-ft  face  with  alongside  depths  of  32  to  75 
ft,  and  a  deck  height  of  25.5  ft.  It  is  used  primarily  by  the  Military  Sealift 
Command,  but  a  section  of  the  pier  is  leased  to  a  private  steamship  corporation 

2.2  HEAVY  WEATHER  FACILITIES  AND  ANCHORAGES 

The  Port  of  New  Orleans  offers  little  shelter  from  heavy  weather.  The 
winding  course  of  the  Mississippi  River  makes  some  portion  of  the  port 
vulnerable  to  wind  regardless  of  direction.  The  low  elevation  of  the 
surrounding  terrain  eliminates  any  protection  that  orographic  features  usually 
provide,  so  the  only  barriers  to  wind  flow  are  the  buildings  at  or  near  the 
piers. 

Anchorages  for  large  vessels  include  the  Southwest  Pass  Anchorage  located 
southeast  of  the  entrance  to  Southwest  Pass,  South  Pass  Anchorage  located 
northeast  of  the  entrance  to  South  P_ss,  and  the  Mississippi  River-Gulf  Outlet 
Canal  Fairway  Anchorages  located  east  and  north  of  the  Mississippi  River-Gulf 
Outlet  Approach  Light  Horn  Buoy.  These  anchorages  are  indicated  by  letters  "A" 
through  "D"  respectively  on  Figure  X 1 1  -  3.  There  is  a  4.5  mile  long  anchorage 
off  the  west  bank  of  the  Mississippi  River  opposite  Pilottown  (1.7  miles  above 
Head  of  Passes)  for  vessels  which  cannot  proceed  to  sea  because  of  fog  at  the 
Gulf  entrances  to  the  passes,  or  are  unable  to  proceed  upriver  for  the  same  or 
any  other  reason  (U.S.  Department  of  Commerce,  1980). 

DMA  Map  11368  specifies  a  quarantine  anchorage  on  the  west  bank  of  the 
Mississippi  River  at  mile  91  above  Head  of  Passes,  and  a  general  anchorage  at 
mile  90 . 

Temporary  anchorages  may  periodically  be  prescribed  between  Head  of  Passes 
and  mile  223  above  Head  of  Passes  by  the  U.S.  Coast  Guard  District  Commandant 
(U.S.  Department  of  Commerce,  1980).  Several  such  anchorages  are  indicated  on 
the  DMA  map  series  for  the  Mississippi  River.  Although  the  river  anchorages 
have  mud  bottom  with  generally  good  holding  qualities,  none  are  recommended  as 
heavy  weather  anchorages  due  to  heavy  river  traffic  and  restricted  navigation 
room  in  the  river  channel.  If  heavy  weather  anchoring  is  indicated,  it  should 
only  be  considered  for  heavily  ballasted  vessels  in  designated  areas  on  the 
widest  portions  of  the  river. 

As  specified  by  Captain  of  the  Port  New  Orleans  Information  Bulletin  No. 
26A,  1  June  1982,  and  in  accordance  with  Title  33  Code  of  Federal  Regulations 
(CFR)  165  (Safety  Zones),  the  following  areas  are  designated  as  Safety  Zones 
upon  implementation  of  Hurricane  Condition  Four  --  hurricane  winds  possible 
within  72  hours;  vessels  are  not  to  be  moved  or  anchored: 
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(1)  Within  the  Mississippi  River: 

Within  500  ft  of  any  water  intake. 

The  forebays  or  tailbays  of  all  locks. 

The  lower  400  yards  of  the  New  Orleans  General  Anchorage. 

(2)  Within  the  Inner  Harbor  Navigation  Canal: 

On  both  the  east  and  west  banks,  approximately  100  yards  south 

of  Florida  Avenue  Bridge  and  50  ft  channelward. 

On  the  West  Bank,  south  of  the  Seabrook  Bridge  approximately 

200  yards,  and  50  ft  channelward. 

(3)  Within  Lake  Ponchartrain  (for  commercial  marine  traffic  only) 

Tugs  are  normally  used  for  assisting  in  docking,  undocking,  towing  in  the 
harbor  and  canals,  and  towing  to  sea.  Two  tugs  must  be  employed  on  all  towing 
to  and  from  drydocks  and  should  be  employed  on  all  ships  towed  around  Algiers 
Point  when  the  traffic  lights  are  operating,  and  by  large  vessels  going  through 
the  Inner  Harbor  Navigation  Canal  (U.S.  Department  of  Commerce,  1980).  Tugs  are 
generally  in  plentiful  supply,  but  in  view  of  likely  increased  demand  when  heavy 
weather  is  expected,  arrangements  for  tug  services  should  be  made  as  early  as 
possible. 

In  the  event  of  damage,  complete  facilities  are  available  for  making 
repairs  to  hulls  and  machinery. 

2.3  FACILITIES  FOR  COASTAL  AN0  IN-SHORE  VESSELS 

The  Port  of  New  Orleans  is  generally  free  of  pleasure  boats  and  commercial 
fishing  boats.  Most  of  these  type  vessels  utilize  the  docks  and  marinas 
located  away  from  the  Port  area  on  Lake  Ponchartrain,  and  on  numerous  small 
canals  and  bayous  that  permeate  the  entire  Mississippi  River  delta  area. 

Coastal  shipping  vessels  are  accommodated  in  the  Port  of  New  Orleans  at  the 
many  facilities  constructed  for  that  purpose.  Docking,  bunkering,  repairs, 
food,  water,  ice  and  marine  supplies  are  all  available. 

The  Naval  Support  Activity  can  provide,  or  arrange  for,  all  necessary 
facilities  for  supporting  U.S.  Navy  vessels  visiting  or  stationed  at  New 
Or  leans . 

3.  ANALYSIS  OF  THE  TROPICAL  CYCLONE  THREAT  AT  NEW  ORLEANS 
3.1  INTRODUCTION 

By  examining  relevant  characteristics  of  tropical  cyclones  such  as  track, 
speed  of  movement,  intensity,  month  of  occurrence,  etc.,  some  insight  may  be 
gained  into  their  typical  behavior.  This  background  knowledge  and  understanding 
allows  attention  to  be  focused  on  those  storms  most  likely  to  have  a  serious 
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effect  on  New  Orleans.  However,  the  historical  behavior  of  storms  and  their 
impact  on  New  Orleans  should  not  be  regarded  as  a  reliable  guide  to  the  detailed 
behavior  and  impact  of  a  particular  storm  as  it  approaches  the  port. 

3.2  CLIMATOLOGY 

For  the  purpose  of  this  study,  any  tropical  cyclone  approaching  within 
180  n  mi  of  New  Orleans  is  considered  to  represent  a  threat  to  the  port. 

The  outstanding  feature  of  the  U.S.  Gulf  Coast  region  is  its  location  on 
the  north  shore  of  the  Gulf  of  Mexico  and  its  orientation  perpendicular  to 
normal  tropical  cyclone  tracks  as  they  move  more  or  less  northward  out  of  the 
tropics.  Also  of  importance  is  the  region’s  position  between  25  and  30  degrees 
north  latitude;  this  is  within  the  normal  locus  of  tropical  cyclone  recurvature, 
which  oscillates  between  latitudes  25N  and  35N  during  the  tropical  cyclone 
season.  This  latter  factor  is  significant  since  it  is  the  character  of  tropical 
cyclones  to  slow  and  intensify  during  the  recurvature  stage.  During  this  phase 
of  the  tropical  cyclone  life  cycle,  it  is  difficult  to  predict  with  great 
accuracy  the  rate  of  recurvature,  the  storm  speed  of  movement  subsequent  to 
recurvature,  and  obviously  the  storm's  precise  future  position  at  a  point  in 
time. 

The  hurricane  season  along  the  Gulf  Coast  is  late  May  through  early 
November.  During  the  109  year  period  between  1871  and  1979  there  were  134 
tropical  cyclones  that  met  the  180  n  mi  threat  criteria  for  New  Orleans,  an 
average  of  1.2  per  year.  Table  X 1 1  - 1  shows  the  monthly  totals  and  percentages. 
These  data  are  graphically  presented  in  Figure  X 1 1  -  5 . 

Table  X 1 1  - 1 .  Monthly  totals  of  tropical  Cyclones  passing  within 
180  n  mi  of  New  Orleans  during  the  period  1871-1979. 


Month 

Number 

%  of  Total 

May 

2 

1 .  5 

June 

11 

8.2 

July 

15 

11.2 

August 

24 

17.9 

September 

59 

44.1 

October 

22 

16.4 

November 

1 

0.7 

Figure  X 1 1 -  6  illustrates  128  events  as  a  function  of  compass  octant  from 
which  tropical  cyclones  have  approached  New  Orleans.*  The  numbers  in 
parenthesis  represent  the  percentage  of  cyclones  from  the  sample  approaching 
from  a  particular  octant.  This  figure  shows  that  the  major  threat  sector 
extends  from  the  southeast  through  the  southwest. 

*Some  tropical  cyclones  developed  within  180  n  mi  of  New  Orleans,  so  an  approach 
direction  is  therefore  not  included  for  those  storms. 
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It  is  significant  to  note  that  a  small  number  of  tropical  cyclones 
developed  within  a  180  n  mi  radius  of  New  Orleans.  Three  developed  quickly  into 
hurricanes  while  in  the  threat  area. 

Records  of  tropical  cyclones  passing  through  the  180  n  mi  critical  area 
during  the  80  year  period  for  which  cyclone  intensity  data  are  available  are 
tabulated  in  Table  XII-2  by  intensity  and  month  of  occurrence.  Of  the  102  such 
occurrences  it  can  again  be  seen  that  September  is  by  far  the  principal  threat 
month  in  terms  of  numbers  of  tropical  cyclones  affecting  New  Orleans.  October 
and  November,  however,  have  a  slightly  higher  percentage  of  the  more  dangerous 
classes  of  storms  {12  out  of  15).  Overall  72  out  of  102  tropical  cyclones  (71%) 
affecting  New  Orleans  in  this  century  were  in  the  strong  (over  47  kt)  category. 


Table  XII-2.  Classification  of  102  tropical  cyclones  which  passed 
within  180  n  mi  of  New  Orleans  during  the  1900-1979  period. 


Max imum 

Intens i ty* 

May- 

June 

July 

Aug  . 

Sep . 

0c  t .  - 
Nov  . 

Totals 

Hurr l cane 

2 

3 

r-"T 

21 

5 

40 

I  ntense 
Tropical 

Storm 

5 

3 

2 

■ 

7 

32 

■ieak 

i rop l ca 1 
Storm 

2 

3 

5 

6 

2 

19 

Tropical 
Depress  ion 

1 

3 

2 

4 

1 

1  1 

TOTALS 

11 

12 

18 

46 

15 

102 

♦Intensity  values  reflect  the  maximum  intensity  while  in  the  final 
approach  phase  of  the  tropical  cyclone  track.  Upper  limit  of  a  Weak 
Tropical  Storm  is  47  kt. 


Figures  X 1 1  -  7  through  XII-11  are  statistical  summaries  of  threat 
probability  for  the  years  1871  through  1979.  These  summary  data  are  presented 
in  five  charts,  each  representing  data  encompassing  specific  periods  during  the 
year:  tropical  cyclones  occurring  during  May  and  June,  July  and  August, 
September,  October  and  November,  and  all  tropical  cyclones  of  record  during  the 
109-year  period. 

The  solid  lines  m  these  figures  represent  the  "Percent  Threat"  for  any 
storm  location.  The  dashed  lines  represent  approximate  approach  times  to  New 
Orleans  based  on  the  climatological  approach  speed  for  a  particular  location. 

For  example,  in  Figure  XI I  -  7 ,  a  tropical  cyclone  located  over  the  northwest 
corner  of  the  Yucatan  Peninsula  has  a  40%  probability  of  passing  within  180  n  mi 
of  New  Orleans  and  will  reach  New  Orleans  in  72  to  96  hours  (3  to  4  days). 


X  I  I  -  10 


Probability  (%)  that  a  tropic  al  eye  lorn 
will  pass  within  i 80  NM  of  New  Orleans. 
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new  Orleans  \shaded  circle),  and  approximate  time  to  reach  closest  point 
approach,  during  May  and  June  (based  on  data  from  1871-1979) 


re  XI  I  -  8 .  Probability  that  a  tropical  cyclone  will  pass  within  180  n  mi 
New  Orleans  (shaded  circle),  and  approximate  time  to  reach  closest  point 
approach,  during  July  and  August  (based  on  data  from  1871-1979), 


*  I'?'  Pfoba b i li ty  tha t  a  tropical  cyclone  will  pass  within  180 
ot  New  Orleans  (shaded  circle),  and  approximate  time  to  closest  point 
approach,  during  September  (based  on  data  from  1871-1979). 


ORLEANS  -  OCTOBER  ANO  NOVEMBER 
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Figure  XII-10.  Probability  that  a  tropical  cyclone  will  pass  within  180  n 
of  New  Orleans  (shaded  circle),  and  approximate  time  to  closest  point  of 
approach,  during  October  and  November  (based  on  data  from  1871-1979). 
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The  primary  threat  axis  for  October  and  November  (Figure  XI I  - 1 0 )  starts  at 
the  north  end  of  the  Lesser  Antilles  and  extends  westward,  passing  over  the  west 
end  of  Cuba  to  the  central  Gulf  of  Mexico,  recurving  northward  to  New  Orleans. 

A  minor  threat  axis  extends  across  central  Florida  westward  to  New  Orleans. 

Figure  XI  I  - 1 1  represents  a  composite  picture  of  threat  probability  and  time 
to  CPA  curves  for  the  entire  year  and  is  derived  from  all  tropical  cyclone 
tracks  passing  within  180  n  mi  of  New  Orleans  during  the  period  1871-1979. 

3.3  WIND  AND  TOPOGRAPHICAL  EFFECTS 

Wind  data  for  this  evaluation  have  been  extracted  primarily  from  hourly 
records  of  the  New  Orleans  Airport  Station  with  supplemental  data  extracted  from 
hourly  records  of  Naval  Air  Station,  New  Orleans.  Data  from  other,  more  remote, 
stations  were  reviewed  but  were  considered  to  be  non-representative  of  condi¬ 
tions  in  the  port  area.  A  comparison  of  records  for  coincident  time  periods 
showed  that,  although  the  landscape  around  New  Orleans  is  of  generally  low 
elevation,  it  does  reduce  wind  speeds  from  that  experienced  at  exposed  locations 
around  the  peripnery  of  the  Mississippi  River  Delta. 

In  the  48-year  period  (1932-1979)  for  which  wind  data  are  available,  68 
tropical  cyclones  approached  within  180  n  mi  of  New  Orleans,  an  average  of  1.4 
per  year.  A  tabular  breakdown  based  on  intensity  of  these  cyclones  while  within 
the  180  n  mi  radius  is  shown  in  Table  XI I  -  3 . 

Table  XI I  -  3 .  Classification  of  the  68  tropical  cyclones  which  passed  within 
180  n  mi  of  New  Orleans  during  the  period  1932  through  1979. 

Hurr l cane  Tropical  Storm  Tropical  Depress  ion  Total  ( No. ) 

( >63  kt)  (34  to  63  kt)  ( ^34  kt) 

24  36  8  68 

Of  the  60  hurricanes  and  tropical  storms,  9  caused  sustained  winds  greater 
th  n  33  kt  in  the  greater  New  Orleans  area,  based  on  hourly  wind  observations 
from  1932  through  1979.  Three  of  the  9  caused  sustained  winds  of  50  kt  or 
greater  and  4  of  the  9  caused  gusts  reaching  hurricane  force.  Only  one  storm, 
the  hurricane  of  September  1947  which  passed  directly  over  New  Orleans,  caused 
sustained  winds  of  hurricane  force.  That  particular  storm  originated  east  of 
the  Cape  Verde  Islands  near  the  west  coast  of  Africa,  and  had  traveled 
approximately  4,000  n  mi  before  causing  winds  of  95  kt  with  gusts  to  109  kt  at 
New  Orleans.  Based  on  the  1932  through  1979  wind  data,  gale  force  winds  can  be 
expected  from  1  out  of  every  7  tropical  storms/hurricanes  passing  within 
180  n  mi  of  the  port. 
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Figures  XI 1-12  through  XI 1-14  display  the  tracks  of  all  9  tropical  cyclones 
(Neumann  et  al.,  1978  and  Hebert,  1980)  that  produced  sustained  winds  greater 
than  33  kt  at  New  Orleans.  Three  figures  are  used  simply  to  reduce  clutter. 

Five  of  the  tropical  cyclones  occurred  in  September,  two  in  August,  and  one  each 
in  July  and  October.  Also  depicted  are  the  tracks  of  10  of  the  more  significant 
storms  producing  sustained  winds  of  over  22  kt  at  New  Orleans.  It  is  signifi¬ 
cant  to  note  that  16  of  the  19  cyclones  approached  from  a  general  south  or 
southeasterly  direction. 

As  was  mentioned  in  Section  2.2,  the  winding  course  of  the  Mississippi 

River  makes  a  portion  of  the  port  of  New  Orleans  exposed  to  the  vagaries  of  the 

wind  regardless  of  direction.  The  low  elevation  of  surrounding  terrain  effec¬ 
tively  eliminates  orographic  barriers,  so  the  buildings  at  or  near  the  piers 
provide  the  only  real  barriers  to  wind  flow.  In  general  terms,  however-,  t n e 

east-west  orientation  of  the  river  in  the  most  heavily  utilized  areas  uf  the 

port  renders  the  port  most  vulnerable  to  winds  with  strong  east  or  west  compo¬ 
nents.  The  port  would  be  most  protected  from  north  or  south  winds  because  of  the 
frictional  effects  of  terrain  and  the  protection  the  buildings  along  the  river 
could  provide. 


Figure  XII-12.  Tropical  cyclone 
tracks  1934-40  showing  positions 
of  storms  when  winds  greater 
than  22  kt  (thin  solid  segment) 
and  greater  than  33  kt  (broad 
solid  segment)  occurred  at  New 
Orleans,  based  on  hourly 
wind  da  ta  „ 
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Figure  XII-13.  Tropical  cyclone 
tracks  1941-53  showing  positions 
of  storm  centers  when  winds 
greater  than  22  kt  (thin  solid 
segment)  and  greater  than  33  kt 
(broad  solid  segment)  occurred 
at  New  Orleans,  based  on  hourly 
wind  data. 


Figure  X  1 1 - 1 4 .  Tropical  cyclone 
tracks  1956-79  showing  positions 
of  storm  centers  when  winds 
greater  than  22  kt  (thin  solid 
segment)  and  greater  than  33  kt 
(broad  solid  segment)  occurred 
at  New  Orleans  based  on  hourly 
wind  data. 
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3.4  WAVE  ACTION  ON  THE  MISSISSIPPI  RIVER 

Ocean  waves  are  a  factor  on  the  Mississippi  River  only  in  cases  of 
extremely  high  tidal  surge  when  the  levees  are  topped  or  broken.  The  potential 
for  this  occurrence  is  greatest  in  the  lower  reaches  of  the  river  and  negligible 
in  the  port  area.  Wave  action  in  the  port  is  therefore  limited  to  locally 
generated  wind  waves. 

The  winding  course  of  the  river  in  the  port  area  effectively  reduces  fetch 
length  to  no  more  than  approximately  8  miles.  If  channel  depth  of  40  ft  and 
tidal  surge  heights  of  10  ft  are  assumed,  giving  a  water  depth  of  50  ft,  the 
maximum  waves  generated  by  an  85  kt  wind  in  the  port  area  of  the  Mississippi 
River  would  be  about  10.3  ft  with  a  period  of  6.3  seconds.  Given  the  same  water 
depth  and  fetch  length,  calculations  indicate  a  sustained  wind  of  25  kt  can 
generate  2.9  ft  wind  waves;  35  kt  winds,  4.3  ft  wind  waves;  50  kt  winds,  6  ft 
wind  waves;  and  75  kt  winds,  9  ft  wind  waves  (U.S.  Army  Corps  of  Engineers, 

1973  )  . 

At  a  more  realistic  fetch  length  of  5  miles,  the  wind  wave  heights  are 
reduced  by  about  10-15  percent.  Eliminating  tidal  surge  and  basing  calculations 
on  a  40  ft  water  depth  has  little  effect  on  the  result  with  wind  wave  heights 
remaining  essentially  the  same  until  the  wind  speed  exceeds  75  kt.  Maximum  wave 
heights  for  an  85  kt  wind  are  then  reduced  to  about  9.5  ft. 

It  should  be  noted  th  t  the  preceding  calculations  are  based  on  a  uniform 
depth  over  an  assumed  relatively  flat  bottom.  Uniform  depths  are  not  realistic 
in  the  Mississippi  River,  as  the  channel  is  invariably  deeper  than  the  river 
bottom  adjacent  to  it,  and  the  channel  depth  varies  greatly  from  one  location  to 

another  --  as  deep  as  192  ft  in  one  location  in  the  port  area.  Consequently, 

the  calculated  values  given  above  are  for  use  as  a  guide  only  and  should  not  be 
regarded  as  absolute  values. 

3.5  STORM  SURGE  AND  TIDES 

Storm  surge  may  be  visualized  as  a  raised  dome  of  water,  moving  with  the 
storm,  and  centered  a  few  miles  to  the  right  of  its  path.  This  dome  height  is 

related  to  local  pressure  (i.e.,  a  barometer  effect  dependent  on  the  intensity 

of  the  storm)  and  to  local  winds.  Other  significant  contributing  factors  are 
storm  speed,  direction  of  approach,  bottom  topography,  and  coincidence  with  the 
astronomical  tide.  The  worst  circumstances  (Harris,  1963)  would  include  the 
f o 1  lowing: 

(I)  Intense  storm  approaching  perpendicular  to  the  coast  with  landfall 
within  30  n  mi  to  the  west. 


(2)  Broad,  shallow,  slowly  shoaling  bathymetry. 

(3)  Coincidence  with  high  astronomical  tide. 
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The  coastal  waters  surrounding  the  Mississippi  River  delta  fulfill  these 
criteria  during  hurricane  season. 

Two  instances  of  storm  surge  that  caused  extensive  flooding  to  the 
Mississippi  River  delta  occurred  during  September.  Hurricane  Carmen,  a  150  mpn 
storm,  occurred  in  September  1974,  and,  although  severe  flooding  was  experienced 
in  several  outlying  parishes,  water  rises  caused  by  Carmen  caused  little  flood 
damage  in  the  Port  of  New  Orleans.  Tidal  surge  increased  water  levels  along  the 
coast  at  Terrebonne  Parish  (some  60  miles  southwest  of  New  Orleans)  to  11.64  ft 
MSL,  nearly  10  ft  above  normal.  Water  rises  in  the  Mississippi  River  were  limited 
to  3  to  4  ft  in  its  lower  reaches,  so  the  Port  of  New  Orleans  was  not  adversely 
affected  (U.S.  Army  Corps  of  Engineers,  1975). 

Hurricane  Betsy,  which  occurred  in  September  1965  was  another  story, 
however.  Betsy  followed  what  is  essentially  a  "worst  case  track,"  moving  inland 
just  west  of  the  mouth  of  the  Mississippi  River  on  a  northwesterly  course.  This 
track  brought  the  brunt  of  the  125  mph  winds  along  the  length  of  the  river  to 
New  Orleans,  and  into  the  relatively  shallow  waters  of  Lake  Borgne,  Lake 
Ponch ar t r a i n ,  Breton  Sound,  Chandeleur  Sound,  and  Mississippi  Sound.  Except  for 
Orleans  Parish  and  Jefferson  Parish,  most  of  the  Mississippi  River  Delta  was 
inundated  by  flood  waters.  Although  not  as  strong  as  Carmen,  Betsy  played  havoc 
with  interests  along  the  Mississippi  River  from  the  Port  of  New  Orleans 
southward.  Tidal  surge  increased  water  levels  on  the  Mississippi  River  to 
12.61  ft  above  MSL  at  Chalmette  (near  mile  88),  15.25  ft  above  MSL  at  West 
Pointe  a  la  Hache  (near  mile  49),  and  6.57  ft  above  MSL  at  Head  of  Passes  (U.S. 
Army  Corps  of  Engineers,  1965). 

A  new  storm  surge  forecast  model  has  been  developed  by  the  National  Oceanic 
and  Atmospheric  Administration's  (NOAA)  National  Weather  Service.  It  is 
referred  to  as  SLOSH  and  estimates  the  Sea,  Lake,  and  Overland  Surges  from 
Hurricanes  ( Je 1 esn i ansk l  and  Chen,  1979)  as  discussed  by  Schexnayder  and  Barnes 
(1980)  and  Crawford  (1979).  Values  have  been  computed  for  the  New  Orleans  area 
using  a  SLOSH  model  with  a  4  n  mi  grid.  Eighteen  storm  tracks  were  evaluated, 
comprising  six  directions  of  travel,  with  three  parallel  tracks  for  each 
direction.  Three  storm  intensities  were  chosen,  with  the  weakest  having  a 
central  pressure  of  970  mb.  The  medium  strength  storm  corresponded  to  about  940 
mb,  similar  to  Hurricane  Betsy  in  1965.  The  strongest  one,  a  910  mb  storm,  is 
similar  to  Hurricane  Camille  in  1969  (Schexnayder  and  Barnes,  1980). 

In  general,  storms  from  the  southeast  were  calculated  to  bring  the  most 
severe  flooding  to  the  Mississippi  River  delta.  Selected  points  with 
corresponding  maximum  calculated  surge  values  for  a  910  mb  storm  moving  from 
southeast  to  northwest  and  tracking  over  the  Mississippi  delta  just  west  of  the 
Mississippi  River  are  given  in  Table  X I  I  -  4  (New  Orleans  Area  Weather  Service 
Forecast  Office,  1980). 
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Table  XII-4.  SLOSH  model  surge  height  calculations  for  points  along 
Mississippi  River  from  Head  of  Passes  to  above  New  Orleans. 


Location 

Surge  Height  i  A  d  o  v  e  MSlj 

Head  of  Passes  (Mile  0) 

1 1 .  2  f  t 

Buras  (Mile  25) 

15.3ft  1 

Port  Sulphur  (Mile  39 ) 

17.3ft  ' 

Violet  (Mile  84) 

23.1  ft 

New  Orleans  (Mile  95) 

17.5  ft 

Bonnet  Carre  Pt.  (Mile  133) 

10.1  ft 

Tidal  surges  reaching  the  calculated  values  would  inundate  almost  a  1  ;  of 
the  Mississippi  River  delta  except  for  land  areas  protected  by  the  levee  system 
in  and  near  New  Orleans. 

Storms  approaching  from  directions  other  than  southeast  can  also  cause 
severe  flooding  due  to  the  exposed  location  of  the  Mississippi  R'.c-  delta  anj 
the  extremely  low  elevations  of  the  land  areas. 

Astronomical  tides  at  the  entrance  to  Southwest  Pass  are  diurnal  with  a 
range  of  0.9  to  1.4  ft.  No  tide  is  felt  at  New  Orleans  during  high  river 
stages,  but  the  tidal  range  averages  about  0.3  ft  at  low  r  i  .  e  r  stages  ( U . S . 
Department  of  Commerce,  1980) 

River  currents  are  largely  dependent  on  the  stage  of  tno  rive .  At  New 
Orleans,  the  cross-sectional  velocity  may  be  as  much  as  5  kt  at  high  stages  arc 
less  than  1  kt  at  low  stages.  Tidal  currents  in  the  river  are  not  strong  at  any 
point  (U.S.  Department  of  Commerce,  1980). 

4.  THE  DECISION  TO  EVADE  OR  REMAIN  IN  PORT 

Instructions  for  hurricane  preparedness  at  Naval  Support  Activity,  New 
Orleans  are  addressed  in  Commandant,  Eighth  Na-»1  restrict  and  Area  Coordinator, 
Eighth  Naval  District  Disaster  Preparedness  Plan,  1980.  Naval  Air  Station.  New 
Orleans  is  governed  by  C0MTRAWIN6  Six  Instruction  3140. ID.  The  Captain  of  the 
Port  of  New  Orleans  promulgates  a  Hurricane  Readiness  Plan  that  addresses 
standard  procedures  for  hurricane  readiness  for  the  U.S.  Coast  Guard. 

Definitions  of  conditions  of  alert  are  presented  together  with  status  of 
preparedness  and  action  required  or  recommended  to  attain  each  condition  of 
read i ness . 

4. 1  THREAT  ASSESSMENT 

For  the  masters  of  deep  draft  vessels  at  the  Port  of  New  Orleans,  the  lack 
of  protected  berths  coupled  with  the  elapsed  time  to  negotiate  the  Mississippi 
River  or  Mississippi  River-Gulf  Outlet  Canal  to  open  water  in  the  Gulf  of  Mexico 
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make  early  assessment  of  each  tropical  cyclone  threat  absolutely  essential. 

This  assessment  should  be  related  to  the  setting  of  hurricane  conditions  of 
readiness  by  U.S.  Navy,  U.S.  Coast  Guard,  and  civil  authorities  and  conducted 
usiny  current  advisories  and  forecasts  issued  by  the  Navy  and  National  Weather 
Service,  as  well  as  climatology  as  presented  herein. 

The  greatest  threat  to  New  Orleans  in  terms  of  severity  is  tropical 
cyclones  that  have  an  origin  outside  the  Gulf  of  Mexico  and  approach  from  the 
southwest,  south,  or  southeast  with  a  forecast  landfall  within  100  n  mi  of  the 
port.  A  greater  threat  of  storm  surge  occurs  when  tropical  cyclones  approach 
more  or-  less  perpendicular  to  the  coast  and  make  landfall  within  100  n  mi  west 
and  7b  n  mi  east  of  New  Orleans.  Of  course  the  individual  storm  intensity  and 
speed  of  movement  affect  the  extent  of  damage  which  can  oe  expected  from  any 
given  storm.  As  a  general  rule,  any  intense  tropical  storm  or  hurricane 
approaching  from  tne  Gulf  of  Mexico  such  that  New  Orleans  is  located  in  the 
dangerous  right  front  quadrant  of  the  storm  can  result  in  severe  wind  and  storm 
surge  conditions.  'ne  mouths  of  maximum  threat  in  terms  of  frequency  and 
severity  are  August.,  September,  and  October.  All  four  of  the  tropical  cyclones 
that  caused  sustained  winds  or-  gusts  to  hurricane  force  at  New  Orleans  occurred 
in  September. 

4.2  EVASION  AT  iE A 

Evasion  at  sea  is  the  recommended  course  of  action  for  all  seaworthy  deep 
draft  vessels  when  the  port  is  under  threat  from  a  hurricane  (winds  greater  than 
63  kt)  approaching  from  the  Gulf  of  Mexico  and  forecast  to  pass  within  100  nmi 
of  the  Port  of  New  Orleans.  Timing  of  this  decision  is  affected  by: 

(,  1  )  ihe  to r „ a  r  a  speed  of  tne  tropical  cyclone. 

(2)  The  radius  of  hazardous  winds  and  seas  that  can  impact  on  a  vessel's 
capability  to  reach  open  water  and  then  maneuver  to  evade. 

(3)  The  elapsed  time  to  make  preparation  to  get  underway. 

(4)  Ihe  elapsed  time  to  reach  open  water. 

For  ex  am  pie: 

The  worst  case  situation  would  be  an  intense  cycione  moving  more  or  less 
directly  toward  New  Orleans  from  the  southeast.  Assume  6  hours  are  required  to 
make  preparations  for  leaving  port  after  the  decision  to  evade  at  sea  is  made. 
Approximately  8  hours  are  required  to  transit  the  Mississippi  River  and  reach 
open  sea,  and  once  open  sea  is  reached,  the  vessel  would  be  approximately  80 
miles  further  south  and  closer  to  the  storm.  A  tropical  cyclone  approaching  at 
an  average  Speed  of  10  kt  will  have  moved  140  miles  closer  to  New  Orleans  by  the 
time  open  water  is  reached.  Add  to  this  the  radius  from  the  tropical  cyclone 
center  of  strong  winds  likely  to  hamper  port  operations,  say  200  n  mi.  bumming 
these  values  gives  4  20  miles  (140  ♦  80  +  ?O0)  or  42  hours  as  the  minimum 
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tropical  cyclone  displacement  from  New  Orleans  in  distance  or  tune  wnen  tne 
decision  must  be  made  to  evade  at  sea  successfully.  A  greater  margin  may  be 
applicable  depending  on  greater  cyclone  speed  arid  intensity,  ana  snip  speed 
c  a  p  a  b  i  1  i  t  y  . 

Hurricane  Condition  111  is  set  when  hurricane  force  winds  are  possible 
within  48  hours.  It  is  apparent  that  the  decision  to  prepare  for  sortie  should 
be  made  soon  after  setting  Hurricane  Condition  III.  Although  at  this  time  the 
storm  may  be  more  than  b  0  0  miles  distant,  it  should  be  remembered  that  the 
average  tropical  cyclone  forecast  error  over  a  48  hour  period  is  on  the  order  of 
2  20  n  mi  for  those  tropical  cyclones  threatening  New  Orleans. 

The  destroyer  LiSS  William  C.  Lawe  ( DD-763J  is  homeported  at  New  Orleans 
and  makes  for  open  sea  whenever  Hurricane  Condition  of  Readiness  III  'hurricane 
force  winds  expected  within  4S  hours)  is  set.  This  is  considered  to  be  the  wise 
and  safest  course  of  action.  Later  departures  than  this  wager  the  accuracy  of 
information  on  the  storm's  b  e  i  a  v  l  o  r  against  mounting  risks  of  heavy  weather 
damage . 

Once  sea  room  is  attained  on  departure  from  New  Orleans,  the  tactics 
employed  will  depend,  of  course,  on  the  location  of  the  threatening  ironical 
cyclone,  its  speed  of  advance,  and  its  direction  of  movement.  Up-to-date 
information  is  essential  if  sound  decisions  are  to  be  made.  Tropical  cyclone 
location  and  intensity  information  with  today's  satellite  technology  is  accurate 
and  timely.  Forecasts  and  warnings  are  issued  at  6-hour ly  intervals  and  updated 
as  necessary  to  reflect  important  changes  in  position,  intensity,  and  movement. 

Ship  masters  with  access  to  these  advisories/warnings  are  in  the  best 
possible  position  to  modify  evasion  routes  and  tactics  to  successfully  evade  the 
storm.  The  cardinal  rule  of  seamanship  is  to  avoid  the  dangerous  right-hand 
semicircle.  The  following  guidelines  are  offered. 

(1)  For  tropical  cyclones  approaching  from  the  east  or  southeast:  Steam 
southwest  to  increase  distance  from  the  storm  taking  advantage  of  northerly 
winds  and  seas. 

(2)  For  tropical  cyclones  approaching  from  the  southwest  or  west:  After 
an  early  departure  to  escape  worst  effects  of  head  winds  and  seas,  steam  south 
or  so u t h  -  sou t he  as t  to  reach  a  latitude  south  of  the  storm  center. 

(3)  For  tropical  cyclones  approaching  from  the  south:  Tropical  cyclones 
moving  through  the  Gulf  of  Mexico  from  this  octant  present  the  most  vexing  of 
evasion  problems.  Early  in  the  season  many  storms  move  directly  into  the  coast, 
but  in  September  and  October  there  is  a  strong  likelihood  of  cyclone  recurvatu’’  1 
to  the  northeast  while  still  centered  over  the  Gulf.  An  evasion  route  decided 
on  earlier  may  have  to  be  altered  based  on  unexpected  changes  in  cyclone 
movement.  Evasion  tactics  must  be  based  on  the  latest  tropical  cyclone  forecast 
position  and  movement. 
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4. 3  RETURNING  TO  PORT  I 

The  damage  and  disarray  at  a  port  resulting  from  a  tropical  cyclone  strike 
may  include  navigation  hazards  such  as  displaced  channel  markers,  w  r  e  c  <  s  in  the 
channel,  or  channel  depths  that  no  longer  meet  project  specifications.  Because 
the  Port  of  New  Orleans  can  only  be  accessed  Dy  long,  narrow  channels  sucn  as 
the  .Mississippi  River  and  Mississippi  River-Gulf  Outlet  Canal,  tne  potential  for 
such  hazards  is  large.  Harbor  facilities  may  be  so  damaged  as  to  preclude 
offering  even  minimal  services.  Check  with  the  Port  Authority  before  attempting 
to  return. 

4.4  REMAINING  AT  NEW  ORLEANS 

Remaining  in  port  if  New  Orleans  is  an  option  that  should  receive  serious 
consideration  only  in  a  secondary  t n r  e a t  situation  or  in  t n o s e  instances  w n e n  a 
vessel  is  in capable  of  successful  evasion  at  sei.  Tne  secondary  threat 
situation  includes: 

i,  1  )  A  tropical  cyclone  developing  within  the  130  n  mi  radius  critical 

area. 

( l }  o  weak  tropical  cyclone  ^  maximum  winds  less  than  43  < t j  is  approaching 
from  the  Gulf  of  Mexico,  and  is  forecast  not  to  intensify. 

(3)  A  tropical  cyclone  with  winds  greater  than  47  *t  approaching  from  the 
Gulf  is  forecast  to  pass  more  than  100  miles  from  New  Orleans  and  the  forecast 
50-kt  wind  radius  does  not  encompass  the  Port  of  New  Orleans. 

(4)  A  tropical  cyclone,  approaching  overland  from  the  east  or  west. 

If  the  decision  is  to  remain  in  port  at  New  Orleans,  the  following 
r ec ommend a 1 1  on s  are  offered: 

{1)  If  the  vessel  is  of  a  type  that  cannot  easily  be  ballasted  down  to 
maximum  draft,  such  as  a  man-of-war  or  cargo  ship,  remain  at  the  pier  secure o 
with  sufficient  lines  to  withstand  hurricane  force  winds,  yet  allow  for  water- 
height  fluctuations  of  the  predicted  surge  amounts.  Bow  and  stern  "insurance 
lines"  of  heavy  wire  rope  are  rec omm ended. 

12)  If  the  vessel  is  a  tanker  type  that  can  be  ballasted  down  to  maximum 
draft,  it  can  go  to  anchor  utilizing  two  anchors  with  6  shots  of  chain.  The 
vessel  should  then  be  ballasted  down  to  maximum  draft,  resting  on  the  mud  bottom 
of  the  river  if  possible. 

(3)  A  third  possibility  is  to  proceed  upriver  to  Baton  Rouge.  Channel 
depths  of  40  ft  are  maintained  to  Baton  Rouge,  and  because  it  is  further  from 
the  Gulf  of  Mexico,  winds  are  likely  to  be  weaker  and  hurricane  surge  heights 
will  be  reduced  if  not  eliminated.  Baton  Rouge  facilities  are  limited,  however, 
and  river  barge  traffic  is  much  heavier  than  at  New  Orleans.  Consequently, 
congestion  is  likely  and  the  threat  of  waterborne  hazards  due  to  broken 
moorings,  etc.,  is  greater. 
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Should  a  master  choose  to  remain  in  port,  it  should  be  borne  in  mind  that 
his  vessel  #m  1  !  be  exposed  to  dangers  beyond  that  of  wind  and  surge. 

Invariable,  /  barges  and  other  vessels  are  broke*  loose  from  their  moorings 

on  the  river  a'M  become  floating  hazards,  resulting  in  holings  of  some  hulls. 
Also,  because  tne  channels  from  the  Port  of  New  Orleans  to  the  open  sea  are 
relatively  narrow,  tne  risk  is  considerable  that  one  or  both  of  the  channels 
could  be  blocked  by  damaged  or  sunken  vessels,  thereby  trapping  shipping  in  the 
port  for  some  time  after  a  storm  has  passed. 

5.  ADVICE  TO  SHALLOW  DRAFT  VESSELS 

Shallow  draft  vessels  should,  if  feasible,  be  removed  from  the  water  and 
firmly  secured  ashore  at  an  elevation  of  at  least  20  ft  to  avoid  possible  high 
water.  For  those  vessels  that  cannot  be  removed  from  the  water,  few  options 
remain.  The  Miss’  rcippi  River  offers  little  protection.  Tug  boats  and  other 
similar  vessels  usually  seek  shelter  in  Cnalmette  Slip  (near  mile  90.5  on  the 
east  bank),  and  in  Harvey  Canal  (near  mile  93.3  on  the  west  bank).  Space  i  r. 
these  waterways  is  limited  so  early  access  is  recommended  if  their  use  is 
desired. 

The  Naval  Support  Activity  removes  as  many  of  its  small  craft  from  the 
water  as  can  be  accommodated  by  its  pierside  crane.  The  remaining  vessels  are 
sent  via  the  Intra-coastal  Waterway  to  the  Pearl  River,  on  the  border  between 
Louisiana  and  Mississippi,  where  they  seek  shelter  upriver  near  Pearlington. 

This  alternative  requires  in  excess  of  6  hours,  and  because  small  craft  are 
involved,  must  be  completed  before  the  onset  of  heavy  weather. 

Riding  out  a  tropical  cyclone  on  the  Mississippi  River  is  not  recommended. 
Although  the  twistinq  course  of  the  river  largely  precludes  wave  action  of 
significance  to  larger  vessels,  wind  driven  waves  to  10  ft  are  possible  in  some 
areas  of  the  river  and  smaller  vessels  could  be  severely  damaged  or  sunk. 
Additional  hazards  are  posed  by  floating  debris  resulting  from  the  effects  of 
waves,  high  water,  and  strong  winds. 

The  prudent  small  boat  operator  will  have  selected  several  potential  havens 
beforehand  in  which  to  take  shelter  in  vaiious  tropical  cyclone  threat 
situations.  He  will  proceed  to  his  haven  well  in  advance  to  avoid  the  chaos  and 
congestion  endured  by  other  'skippers  who  delay  until  the  onset  of  destructive 
conditions  is  imminent. 
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SUMMARY 


While  each  port  has  specific  advantages,  none  of  the 
ports  of  Port  Arthur,  Beaumont,  or  Orange  has  the  qualities 
required  of  a  good  hurricane  haven.  Consequently,  it  is 
recommended  that  deep  draft  vessels  evade  at  sea  when  the 
area  is  threatened  by  an  intense  tropical  storm  (winds 
greater  than  47  k  t )  or  hurricane  (winds  greater  than  63  k t ; . 
Early  threat  assessment  is  essential  due  to  the  elapsed  time 
necessary  to  reach  open  water  --  especially  from  Beaumont 
and  Orange  --  and  the  limited  number  of  evasion  routes 
available  in  the  Gulf  of  Mexico. 

Advice  to  small  craft  is  to  remove  from  the  water. 
Otherwise,  seeking  shelter  in  the  upper  reaches  of  the 
Sabine  and  Neches  Rivers  above  Oranqe  and  Beaumont  is 
recommended . 
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Port  Arthur  is  a  small  but  important  and  active  commer¬ 
cial  shipping  port.  The  Sab i ne-Neches  Canal,  on  which  the 
Port  of  Port  Arthur  is  located,  is  also  the  deep  water 
access  to  the  nearby  port  of  Beaumont  arid  Orange.  Because 
of  their  mutual  access  and  close  proximity  to  each  other, 
all  three  ports  are  considered  in  this  evaluation  of  Port 
Arthur  as  a  hurricane  haven. 

History  has  demonstrated  that  the  hurricane  season 
presents  a  serious  threat  to  marine  activities  in  the  Port 
Arthur  area.  Port  Arthur  has  been  affected  by  tropical 
cyclone  activity  at  an  average  frequency  of  0.9  events  per 
year  during  the  109-year  period  1871-1979.  Since  1929,  when 
hourly  wind  data  was  first  recorded  in  the  area,  1  out  of  5 
tropical  storms/hurricanes  passing  within  180  n  mi  has 
caused  sustained  winds  of  34  kt  or  greater  at  or  near  Port 
Arthur,  but  only  1  of  the  56  tropical  storms/hurricanes 
entering  the  180  n  mi  threat  radius  caused  winds  of 
hurricane  force  to  be  recorded. 

The  hurricane  season  is  late  May  through  early  November 
with  September  being  the  major  threat  month.  The  principal 
threat  to  Port  Arthur  is  from  tropical  cyclones  approaching 
from  the  southeast  and  south.  Seventy-seven  percent  of  all 
tropical  cyclones  entering  the  180  n  mi  critical  area  in  the 
109-year  period  1871  through  1979  approached  from  these 
sectors . 


as  prepared  1 
sr  Inc.  (ODS 


l*OUT  AIM  111  K.  T\ 


GEOGRAPHIC  LOCATION  AND  TOPOGRAPHY 

As  shown  in  Figure  XIII-1,  the  ports  of  Port  Arthur,  Beaumont,  and  Orange 
located  in  the  coastal  section  of  extreme  eastern  Texas.  Port  Arthur  is 
situated  on  the  west  bank  of  the  Sab ine-Neches  Canal  which  borders  the  western 
edge  of  Sabine  Lake  (Figure  XI 1 1-2).  Beaumont  is  located  some  15  miles 
northwest  of  Port  Arthur  on  the  Neches  River,  while  Orange  is  about  18  miles 
northeast  of  Port  Arthur  on  the  Sabine  River.  Sabine  Pass,  which  is  the  seaward 
entrance  to  Sabine  Lake,  Sabine  Lake  itself,  and  the  Sabine  River  form  the 
southern  portion  of  the  Te x a s - Lou i s i an  a  border. 

From  the  Gulf  of  Mexico,  Sabine  Pass  is  entered  from  a  Safety  Fairway 
passing  through  Sabine  Bank  Channel,  a  sea  bar  channel  and  a  jetty  channel. 
Federal  project  depths  are  42  ft  in  the  outer  bar  channel,  thence  40  ft  through 
the  jetty  channel  and  Sabine  Pass.*  Inside  the  Jetties,  Sabine  Pass  extends 
northwest  about  6  miles  to  Sabine  Lake,  and  the  entrance  to  Port  Arthur  Canal. 
With  an  average  depth  of  6  ft,  Sabine  Lake  is  used  only  by  small  recreation  and 
fishing  vessels.  Port  Arthur  Canal  extends  northwest  for  about  6  miles  from 
Sabine  Pass  to  Taylor  Bayou,  with  project  depths  of  40  ft  (U.S.  Department  of 
Commer  ce ,  1 980 ) . 

The  Neches  River  extends  in  a  general  west -nor th west er 1 y  direction  from  its 
junction  with  the  Sab i ne-Neches  Canal  for  about  18.5  miles  to  the  Port  of 
Beaumont.  Federal  project  depths  on  the  Neches  River  are  40  ft  to  a  34-ft 
turning  basin  at  Beaumont  (U.S.  Department  of  Commerce,  1980). 

The  Sabine  River  extends  northeastward  from  its  junction  with  the  Sabine- 
Neches  Canal  to  the  Port  of  Orange.  The  Federal  project  provides  for  depths  of 
30  ft  in  the  channel  to  Orange,  with  25  ft  maintained  in  the  channel  around 
Orange  Harbor  Island  (U.S.  Department  of  Commerce,  1980). 

No  bridges  cross  Sabine  Pass,  Port  Arthur  Canal,  or  Sab  i  ne-Neches  Canal 
below  Port  Arthur.  At  Port  Arthur,  a  fixed  highway  bridge  with  a  clearance  of 
136  ft  crosses  the  Sab i ne-Neches  Canal  approximately  1.8  miles  above  the 
entrance  to  Taylor  Bayou.  A  highway  bridge  (Rainbow  Bridge),  with  a  clearance 
of  172  ft,  crosses  the  Neches  River  about  1.5  miles  above  its  mouth.  No  other 
bridges  exist  between  Port  Arthur  and  the  turning  basin  at  Beaumont,  but  over¬ 
head  power  cables  with  clearances  of  164  ft  cross  the  Neches  River  50  yards  east 
of  Rainbow  Bridge.  Additional  power  cables  cross  the  Neches  River  between  its 
mouth  and  Beaumont  but,  in  each  case,  the  vertical  clearance  equals  or  exceeds 
164  ft.  No  bridges  cross  the  Sabine  River  between  its  mouth  and  Orange.  An 
overhead  power  cable  with  a  vertical  clearance  of  172  ft  crosses  the  river  about 
3  miles  below  Orange  (U.S.  Department  of  Commerce,  1980). 


*See  Notice  to  Mariners  and  latest  editions  of  charts  for  controlling  depths. 
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Figure  X 1 1 1 -  2 .  Greater  Port  Arthur,  Beaumont,  and  Orange  area, 
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2.  PORT  AND  HARBOR  FACILITIES 

2.1  BERTHS  FOR  DEEP  DRAFT  VESSELS 

2.1.1  Port  of  Port  Arthur 

The  Port  of  Port  Arthur  has  over  50  wharves  and  piers,  but  only  12  are  deep 
draft  facilities.  Of  these,  11  are  privately  owned  and  operated,  with  alongside 
depths  ranging  from  27  to  43  ft  (34-38  ft  predominating),  and  deck  heights  of  6 
to  15  ft. 

The  Port  of  Port  Arthur  Public  Ocean  Terminal  Wharf  (Figures  XII 1-3  and 
X 1 1 1  -  4 )  is  owned  and  operated  by  the  Port  of  Port  Arthur  Navigation  District  of 
Jefferson  County,  Texas.  Located  on  the  west  side  of  Sabine-Neches  Canal,  it 
has  a  1200  ft  face  with  an  alongside  depth  of  36  ft  and  deck  height  of  15  ft. 
More  complete  details  of  the  piers,  wharves,  and  docks  at  the  Port  of  Port 
Arthur  can  be  found  in  Port  Series  No. 22  published  in  1980  by  the  U.S.  Army 
Corps  of  Engineers.  The  publication  also  provides  details  of  11  diesel  tugs 
ranging  from  1600  to  3900  horsepower  used  for  towing,  docking,  and  undocking 
vessels  in  Port  Arthur,  Beaumont,  and  Orange  Harbors. 

Other  than  a  small  U.S.  Coast  Guard  pier,  the  U.S.  Government  does  not 
maintain  any  harbor  facilities  at  the  Port  of  Port  Arthur. 

2.1.2  Port  of  Beaumont 

The  Port  of  Beaumont  has  over  60  wharves  and  piers,  but  only  18  are  deep- 
draft  facilities.  Of  these,  all  but  8  are  privately  owned  and  operated,  with 
alongside  depths  ranging  from  32  to  40  ft  and  deck  heights  ranging  from  10  to 
16  ft. 

The  Port  of  Beaumont  Navigation  District  owns  and  operates  the  remaining  8 
deep-draft  facilities  (Figures  X 1 1 1  -  5  and  XI 1 1-6).  Located  on  the  west  bank  of 
the  Neches  River,  alongside  depths  range  from  30  to  40  ft  with  an  average 
alongside  depth  near  36  ft.  Deck  heights  are  a  uniform  16  ft. 

More  complete  details  of  the  piers,  wharves,  and  docks  at  the  Port  of 
Beaumont  can  be  found  in  Port  Series  No.  22  published  in  1980  by  the  U.S.  Army 
Corps  of  Engineers. 

No  U.S.  Government  harbor  facilities  are  maintained  at  the  Port  of 
Beaumont . 

2.1.3  Port  of  Orange 

The  Port  of  Orange  has  over  40  wharves  and  piers,  but  most  are  privately 
owned  and  not  suitable  for  deep-draft  vessels.  Except  for  facilities  owned  and 
operated  by  Levingston  Shipbuilding  Company  and  the  Port  of  Orange,  most  harbor 
facilities  have  alongside  depths  of  less  than  20  ft. 
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The  Port  of  Orange  owns  and  operates  the  Alabama  Street  Wharf  located  on 
the  Orange  Municipal  Slip,  about  2  miles  below  the  city  on  the  west  side  of  the 
Sabine  River  (Figures  XI 1 1-7  and  XI 1 1-8).  Five  berths  are  located  on  a  2300  ft 
wharf  along  the  southwest  side  of  the  slip.  Alongside  depth  is  30  ft  with  deck 
heights  of  12  to  14.5  ft.  In  addition  to  the  wharf  at  the  Orange  Municipal 
Slip,  the  Port  of  Orange  has  a  Lay  Berth  Facility  on  the  Sabine  River  about  2.7 
miles  above  the  slip  (Figure  XI I  1-9).  Located  on  the  west  bank  of  the  river, 
the  facility  consists  of  9  (of  12)  concrete  piers  previously  owned  by  the  U.S. 
Government  and  operated  as  part  of  the  U.S.  Navy  Atlantic  Fleet  Reserve  Base. 
Ranging  in  length  from  480  to  900  ft,  the  piers  have  deck  heights  of  10  ft  and 
minimum  alongside  depths  of  18  ft,  with  depths  near  the  river  channel  somewhat 
deeper.  Maintenance  of  the  river  channel  to  a  30  ft  depth  ceases  below  the  Lay 
Berth  Facility,  so  exact  channel  depth  adjacent  to  the  piers  is  not  specified. 

More  complete  details  of  the  piers,  wharves,  and  docks  at  the  Port  of 
Orange  can  be  found  in  Port  Series  No.  22  published  in  1980  by  the  U.S.  Army 
Corps  of  Engineers. 

U.S.  Government  facilities  at  the  Port  of  Orange  are  limited  to  Pier  #10, 
with  the  piers  being  numbered  sequentially  starting  with  number  1  at  the 
upstream  end.  It  is  used  as  a  utility  pier  by  the  U.S.  Navy  and  Marine  Reserve 
Center,  Orange,  Texas.  Piers  11  and  12  are  used  by  Lamar  University. 

2.2  HEAVY  WEATHER  FACILITIES  AND  ANCHORAGES 

None  of  the  ports  of  Port  Arthur,  Beaumont,  and  Orange  offers  adequate 
shelter  from  heavy  weather.  The  low  elevation  of  the  land  surrounding  the  port 
limits  the  protection  that  orographic  features  usually  provide  and  exposes  the 
region  to  flooding  in  high  water  situations. 

Anchorages  for  large  vessels  include  the  Sabine  Fairway  Anchorage  outside 
the  entrance  to  Sabine  Pass  as  indicated  by  the  letter  "A"  in  Figure  XI I  I  - 1 . 

Vessels  of  light  draft  can  find  good  holding  ground  along  the  coast  7  to  8  miles 

west  of  the  jetties  as  close  inshore  as  drafts  will  permit  (U.S.  Department  of 
Commerce ,  1980) . 

Additional  anchorages  include  an  anchorage  basin,  indicated  by  the  letter 
"A"  in  Figure  X 1 1 1  -  2 ,  on  the  east  side  of  Sabine  Pass  Channel.  Federal  project 
depth  for  the  anchorage  is  40  ft.  Temporary  anchorages  exist  in  29  ft  of  water 
in  the  bends  of  the  old  Neches  River  between  the  Sab i ne-Neches  Canal  and 

Beaumont  and  are  indicated  by  the  letter  "B"  on  Figure  X 1 1  I  -  2 .  With  the 

exception  of  these  temporary  anchorages,  only  emergency  anchorage  is  permitted 
in  the  Neches  River.  Vessels  may  tie  up  to  the  banks  of  the  Neches  and  Sabine 
Rivers  for  a  limited  period  provided  permission  is  obtained  from  the  Corps  of 
Engineers  (U.S.  Department  of  Commerce,  1980).  No  anchorages  exist  on  the 
Sabine  River. 
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The  Maritime  Adm 1 n  i  s t r a t ? on  has  a  restricted  anchorage  cn  the  Neches  Piner 
about  7  miles  below  Beaumont  at  the  McFaddx-n  Bend  Cut-off,  as  indicated  by  the 
letter  "C"  on  Figure  XlII-2.  Capable  of  holding  over  200  laige  vessels,  it 
provides  good  holding  ground  in  mud  and  silt,  but  maximum  drcft  is  limited  *'  16 
ft.  Use  of  the  Maritime  Administration  anchorage  is  restricted  to  vessels 
consigned  to  the  Maritime  Administration  Reserve  Fleet. 

In  the  event  of  damage,  facilities  are  available  at  Port  Arthur  f  :  m  ng 

repairs  to  hulls  and  machinery,  including  drv-docking  t  g.  vess-  '  a  17, b  )r 
tons/  650  ft  (  U .  S .  Department  of  Commerce,  I960!-. 

2.3  FACILITIES  FOR  COASTAL  AND  IN-SHORE  VESSELS 

Tne  main  facility  for  recreational  boaters  in  the  Port  Arthur  area  lies 
along  the  west  shore  of  Sabine  Lake  on  Pleasure  Island  a  d  '  a  r  e  n  t  to  tne  P  •  >  t 
Port  Arthur,  as  indicated  by  the  letter  "A"  on  Figure  X I  1  1  -  i .  Called  3  leas-*  e 
Island  Marina,  its  use  is  intended  for  boats  drawing  only  2  to  3  ft. 

Small  boats  in  the  Sab i ne-Neches  Canal  can  get  fuel,  oil,  water  ana 
supplies  along  tne  Port  Arthur  city  waterfront.  Above  Port  Arthur’,  a  marina  ana 
boatyard  are  located  on  the  Necf.es  River  just  west  of  the  south  end  of  Rainbow 
Bridge.  Normal  supplies  are  available,  and  the  boatyard  can  handle  vessels  to 
30  ft  for  hull  and  engine  repairs.  Depths  of  approximately  5  ft  are  carried  ’  ' 
the  marina  and  boatyard. 

The  city  of  Orange  has  a  marina  located  on  the  west  side  of  the  channel 
opposite  the  north  end  of  the  Orange  Harbor  Island.  Supplies,  berths,  a n • ;  note! 
accommodations  are  available.  Alongside  depths  of  12  ft  are  reported  at 
fuel  pier  of  the  marina  (U.S.  Department  of  Commerce,  I960). 

3.  ANALYSIS  OF  THE  TROPICAL  CYCLONE  THREAT  AT  PORT  ARTHUR 

3.1  INTRODUCTION 

By  examining  relevant  characteristics  of  tropical  eye  !  orif  s  as  t  ••  k  L , 

speed  of  movement,  intensity,  month  of  occurrence,  etc.,  some  i  *■*  -  ■  t  ii  a ,  :  e 
gained  into  their  typical  behavior.  This  background  knowi  ng.  ••■*  t  r.Jis  i 

allows  attention  to  be  focused  on  those  storms  most  1  ike  1  v  t  >  •.  i 

effect  on  the  Port  Arthur  area.  However,  t  ie  hijtn-  ■  c  .i  1  be*  avis'  "  t  storm*,  an,! 
their  impact  on  Port  Arthur  should  not  1  r  e  n  a  *’  h  ■*■  a  *  a  >  e  '  •  *  L  !  •  r.  :  i  *  ■  •  .  1  ■■  e 
detailed  behavior  and  impact,  of  a  part  u  ■  .  <i>  sl-r  •  •  :pi  ■  ■  t  •  .*  •  t  *u-  :ns  *  . 
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3.2  CLiMATOU'GY 

For  the  Depose  of  this  study,  any  tropical  cyclone  approaching  within 
180  n  mi  of  Port  Artn.j'  i  >  considered  to  represent  a  threat,  to  the  area. 

file  outstanding  teut.j'e  of  the  U.3.  Gulf  f  oast  is  its  location  on  the  north 
shore  or  tne  Gulf  of  M  ••  x  i  r and  its  or  lentat  ion  perpendicular  to  normal  cyclone 
tracks  as  they  move  •»  a  r-  e  or  less  northwar  j  out  of  the  tropics.  Also  of 
importance  is  the  region's  position  between  2b  and  30  degrees  north  lat’tude; 
fils  is  wit:  it  tne  norma  I  locus  of  trop  i ».  a  T  cyclone  recur  mature  wn  i  c n  oscil¬ 
lates  between  latitudes  2bN  and  3b  N  during  tne  tropical  cyclone  season.  Tn  i  s 
latter  factor  is  significant  since  it  is  tne  character  of  tropical  cyclones  to 
slow  and  intensify  during  the  recurvature  stage.  During  this  phase  of  the 
tropical  cyclone  life  cycle,  it  is  difficult  to  predict  with  great  accuracy  the 
rate  of  recur yature,  the  store’  speed  of  movement  subsequent  to  recur v  ature,  and 
obviously,  tne  storm's  precise  future  position  at  a  Doint  in  time. 

The  •urric.u"t  seu>on  along  the  Gulf  Coast  is  late  May  through  earl, 
November.  During  the  109- year  period  from  13/1  througn  1279  there  were  101 
tropical  cyclones  that  met  the  180  n  mi  threat  criteria  for  Port  Arthur,  an 
average  ot  about  0.9  per  year.  Table  XI  1  1-1  shows  the  monthly  totals  ana 
percentages.  These  data  are  graphically  presented  in  Figure  X I  I i - 1 0 .  It  is 
re. id i 1 /  apparent  mat  the  frequency  of  tropical  cyclone  threat  increases  f/of 
May  t  o r c  u  g  h  September,  then  decreases  significantly  in  October. 


Table  X 1  I  I  - 1 .  Monthly  totals  of  tropical  cyclones  passi'  i  «ith'" 
180  n  mi  of  Port  Arthur  during  the  period  1371-1979. 


Month 

Number 

%  of  Total 

M  a  y 

1 

1  .  o 

June 

14 

13.8 

duly 

14 

1  3  .  r 

August 

20 

3  e  p  t.  ern  b  e  r 

40 

39. ; 

October 

- -  - 

12 

.  _  n-9 

Figure  XI  I  I  - 1 1  illustrates  the  101  events  during  the  109-year  period  as  a 
function  of  compass  ictant  from  which  tropical  ,  yr  Jones  hut  approached  Port 
Arthur.  The  numbers  in  parenthesis  represent  the  percentage  of  ;vc Tones  from 
the  sample  approaching  from  a  particular  octant.  The  tiqure  show,  that  tne 
predominant  threat  sector  extends  from  sou'll  through  south*  1st  .  Seventy-  sewn 
percent  if  the  tropn  a  1  t  /clones  attect  ing  Par'  4r  thn»-  have  approached  from 
those  octants,  with  the  greatest  percentage  (40%)  app>  oar  hint  from  the 
southeast . 
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Figure  X  1 1 1  - 1 0 .  Seasonal 
distribution  of  tropical 
cyclones  passing  wit  r,  in 
180  n  mi  of  Port  Arthur, 
May-October  (based  on 
data  f rom  the  period 
1871-1979). 


MONTH 


igure  X  1 1 1  -  1 1 .  Directions  of  approach 
of  tropical  cyclones  that  passed 
within  180  n  mi  of  Port  Arthur  during 
the  period  1871-1979.  Numbers  of 
storms  approaching  from  each  octant 
(e.g.,  37)  and  percent  of  the  total 
approaching  from  that  octant  (e.g,, 
37%)  are  shown. 
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One  tropical  cyclone  formed  within  180  n  mi  of  Port  Arthur,  and  developed 
quickly  into  hurricane  strength  after  initial  formation. 

Records  of  tropical  cyclones  entering  the  180  n  mi  critical  area  around 
Port  Arthur  during  the  80-year  period  of  1900  through  1979  for  which  cyclone 
intensity  data  are  available  are  tabulated  in  Table  XI  1  1-2  by  intensity  and 
"onth  of  occurrence.  Of  the  74  occurrences,  it  can  again  be  seen  that  September 
o  by  far  the  principal  threat  month  in  terms  of  tropical  cyclones  affecting 
-."t  Arthur,  tit  the  hignest  monthly  percentage  of  the  more  dangerous  classes  of 
atoms  hurr  icanes  ana  intense  tropical  storms)  is  in  August  (13  of  16). 

J  v  e  ■■  a  I  1  ,  4  /  out  of  74  1 1  o  p  i  c  a  1  cyclones  (64%)  affecting  Port  Arthur  in  this 
'entur.  a e ’ r  in  these  strong  categories. 


able  X  I  1  i  - 1: .  Classification  of  74  tropica!  cyclones  which  passed 
*  i  t  r.  ;  n  180  n  mi  of  Port  Arthur  during  the  1900-  1979  period. 


Max  i in  urn 

Inters  i  t  y  * 

May* 

J 1  *  n  ° 

July 

Au  q  . 

Sep . 

0c  t . 

Totals 

H  u  r  r  i  ;  a  n  o 

4 

5 

10 

12 

3 

34 

intense 

Tropica! 

5  t  o  '-m 

3 

0 

3 

6 

1 

13 

!  A  0  j  k 

T  r  . ;  p  1  c  U  i 
jtuoii 

6 

3 

11 

3 

25 

T '  p  i  c  a  1 

Depress, ur 

0 

u 

1 

0 

2 

T  0  T  A 1.  r 

1 1 

16 

30 

7 

74 

♦Intensity  values  reflect  the  maximum  intensity  while  in  the  final 
approach  pnase  of  the  tropical  cyclone  track.  Upper  limit  of  a  weak 
tropic  3  1  storm  is  4  7  kt. 

Figures  X  I  I  1-12  through  XI  1 1-16  are  statistical  summaries  of  threat 
p  r  o  d  a  h  i  1  1 1  y  for-  the  years  1871  through  1979.  These  summary  data  are  presented 
in  five  charts,  each  representing  data  encompassing  specific  periods  dur-ing  the 
yean;  t’- apical  cyclones  occurring  during  May  and  June,  July  and  August, 
September,  and  October,  and  all  tropical  cyclones  of  record  during  the  10 9- year 
penod. 

The  solid  lines  in  the  figures  represent  the  "Percent  Ihreat"  fur  any  stem- 
location.  The  dashed  lines  represent  approximate  approach  ti-e  to  Port  Arthur 
nased  in  the  r 1 i n  a  to  1  e  n ' a  1  approach  speed  f  or  i  particular  storm  location.  for 
example,  in  Figure  XIII -12,  a  tropical  cyclone  located  ovee  the  northwest  corner 
of  the  V  u  c  a  ♦  an  Pen  1 1>  s  i.  :  a  has  a  30*  probab  i  1  l  ty  of  passing  within  1  8  0  n  m  i  of 
Port  A  r  t  h  u  r  and  will  reach  P  o  i  t  Arthur  in  73-96  hours  (3  to  4  days). 
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Figure  XIII— 1 3_  Probability  that  a  tropical  cyclone  will  pass  within  180  n  m 
of  Port  Arthur  (shaded  circle),  and  approximate  time  to  reach  closest  point 
of  approach,  during  July  and  August  (based  on  data  from  1871-1979). 


SEPTEMBER 


Figure  X  I  I  I  - 1 4  Probability  that  a  tropical  cyclone  will  pass  within  180  n  m 
of  Port  Arthur  (shaded  circle),  and  approximate  time  to  reach  closest  point 
of  approach,  during  September  (based  on  data  from  18/1-1979). 


PORT  ARTHUR  -  OCTOBER 


Figure  X 1 1 1 - 1 5 .  Probability  that  a  tropical  cyclone  will  pass  within  180  n  m 
of  Port  Arthur  (shaded  circle),  and  approximate  time  to  reach  closest  point 
of  approach,  during  October  (based  on  data  from  1871-1979). 
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The  average  speed  of  advance  for  all  tropical  cyclones  that  have  threatened 
Port  Arthur  is  7  to  8  kt,  with  little  variation  during  the  season.  The  most 
severe  storms  --  those  with  winds  of  100  kt  or  greater  --  moved  at  an  average 
speed  of  11  kt  (Neumann  and  Pryslak,  1981). 

A  comparison  of  the  figures  suggests  some  distinct  differences  in  the 
threat  axis  according  to  the  time  of  the  year.  Early  in  the  season  (May  and 
June,  Figure  XI  I  1-12),  the  primary  threat  to  the  Port  Arthur  area  is  a  track 
from  the  northern  Caribbean  Sea  south  of  Jamaica  westward  along  the  coast  of 
Honduras,  across  the  southern  Yucatan  Peninsula  into  the  Gulf  of  Campeche, 
thence  northward  across  the  western  Gulf  of  Mexico  to  Port  Arthur.  A  secondary, 
minor  threat  axis  extends  west-northwestward  from  the  southern  tip  of  Florida  to 
Port  Arthur. 

By  July  and  August  (Figure  XI  I  1-13),  the  primary  threat  axis  has  shifted 
northward,  originating  in  the  eastern  Caribbean  Sea  near  the  Lesser  Antilles. 

It  then  extends  west-northwestward,  passing  between  Jamaica  and  Cuba  before 
crossing  the  western  tip  of  Cuba,  thence  into  the  Gulf  of  Mexico  to  Port  Arthur. 

In  September  (Figure  XIII-14),  the  most  active  mor.th,  the  primary  track  has 
shifted  southward  again,  progressing  westward  from  the  coastline  of  northern 
Venezuela  to  the  waters  east  of  Nicaragua,  thence  northwestward  across  eastern 
Honduras  to  the  Yucatan  Peninsula.  It  then  curves  northward  across  the  Gulf  of 
Mexico  to  Port  Arthur.  A  secondary  but  prominent  axis  approximates  the  primary 
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axis  for  July  and  August,  passing  through  the  waters  between  Jamaica  and  Cuba, 
thence  west-northwestward  across  western  Cuba  and  the  Gulf  of  Mexico  to  Port 
Ar thur . 

By  October  (Figure  XI 1 1-15),  the  axis  of  greatest  threat  originates  in  the 
Gulf  of  Campeche  and  extends  northward  across  the  Gulf  of  Mexico  to  Port  Arthur 
A  secondary  threat  axis  originates  north  of  the  Lesser  Antilles.,  and  extends 
west-northwestward  along  the  Greater  Antilles  to  the  Gulf  of  Mexico,  thence 
northwestward  to  Port  Arthur. 

Figure  XI  I  1-16  presents  a  composite  picture  of  threat  probability  and  time 
to  CPA  curves  for  the  entire  year  and  is  derived  from  all  tropical  cyclone 
tracks  passing  within  180  n  mi  of  Port  Arthur  during  the  period  1871  through 
1979. 

3.3  WIND  AND  TOPOGRAPHICAL  EFFECTS 

A  continuous  record  of  wind  data  for  any  one  location  in  the  Port  Arthur 
area  is  unavailable  for  the  period  1929-1979.  Therefore,  tropical  cyclone 
statistics  contained  herein  are  based  on  records  as  follows: 

Sabine  July  1935-June  1954 

September  1973-September  1979 

Beaumont  June  1929-September  1943 

Port  Arthur  September  1 944  -  Sep  tern ber  1979 

Consequently,  tropical  cyclone  wind  data  are  not  based  on  records  from  a 
single  location,  but  are  considered  to  be  represent  at i ve  of  conditions 
experienced  in  the  greater  Port  Arthur-Beaumont-Orange  area. 

In  the  51-year  period  (1929-1979)  for  which  wind  data  are  available,  58 
tropical  cyclones  approached  within  180  n  mi  of  Port  Arthur.  A  tabular 
breakdown  on  intensity  of  these  cyclones  is  shown  in  Table  X I  1 1  -  3 . 

Table  XI I  I  -  3 .  Classification  of  the  58  tropical  cyclones  which  passed 
within  180  n  mi  of  Port  Arthur  between  1  929  and  1  979,  based  on  the 
maximum  i n tens l ty  ob served  while  within  the  180  n  mi  radius. 


Hurricane 

Tropical  Storm 

Trop l cal  Depression 

Total  ( No . ) 

(  •  63  k  t ) 

(34  to  63  kt) 

(•34  kt) 

27 

29 

2 

58 

Out  of  the  56  tropical  storms  and  hurricanes,  12  caused  sustained  winds 
greater  than  33  kt  in  the  Port  Arthur  area.  Sixty-seven  percent  (8  of  12) 
approached  from  the  southeast,  with  the  remaining  33  percent  approaching  from 
the  south.  Only  one  tropical  cyclone,  Hurricane  Audrey  in  June  1957,  had  wind 
gusts  of  hurricane  strength  recorded.  Official  hourly  records  since  1929  revea 
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that  no  sustained  hurricane  force  winds  were  experienced,  but  according  to  U.S. 
Army  Corps  of  Engineers  publication  Sabine  Lake  Study  Segment,  Texas  Coast 
Hurricane  Study  published  in  1979,  "On  8  August  1940  a  minimal  hurricane  passed 
inland  between  Port  Arthur  and  Sabine  with  sustained  winds  of  75  mph  and  peak 
gusts  up  to  95  mph."  Based  on  official  records  only,  gale  force  winds  (34  kt  or 
greater)  can  be  expected  from  1  out  of  every  5  tropical  s torm s /hur r i c anes 
passing  within  180  n  mi  of  Port  Arthur,  and  hurricane  force  winds  from  1  out  of 
every  56  tropical  storms/hurricanes  passing  within  180  n  mi. 

Figure  X 1 1 1  - 1 7  depicts  the  tracks  of  the  12  tropical  cyclones  that  caused 
gale  force  winds  in  the  Port  Arthur  area  during  the  period  1940-1979  (Neumann, 
et  al.,  1978,  Hebert,  1974,  and  Hebert,  1980).  It  should  be  noted  that, 
although  hourly  wind  data  records  were  first  maintained  in  1929,  no  sustained 
gale  force  winds  associated  with  tropical  cyclones  were  recorded  until  1940. 
Two-thirds  (8  of  12)  of  the  storms  passed  to  the  west  of  Port  Arthur  as  they 
moved  inland.  Figure  X 1 1 1  - 1 8  defines  the  tracks  of  the  storm  centers  while 
winds  of  gale  force  were  recorded  at  Port  Arthur,  Beaumont,  or  Sabine  and 
clearly  shows  that  the  majority  of  tropical  cyclones  causing  gale  force  winds  in 
the  area  move  inland  west  of  Port  Arthur,  thereby  placing  Port  Arthur  in  the 
more  dangerous  right-hand  semicircle.  It  is  significant  to  note  that  the  region 
has  not  recorded  gale  force  winds  for  any  storm  moving  inland  more  than  about 
30  n  mi  east  of  Sabine  Lake.  Figure  X  I  I  I  - 1 9  shows  the  direction  from  which 
recorded  gale-force  winds  emanated.  It  supports  a  conclusion  that  Port  Arthur 
is  more  likely  to  experience  gale  force  winds  from  a  southeasterly  direction 
than  any  other. 

3.3.1  Port  Arthur 

The  Port  of  Port  Arthur  is  exposed  to  winds  from  north-northeast  clockwise 
to  south-southwest.  The  only  barrier  to  unimpeded  wind  flow  from  these  direc¬ 
tions  is  Pleasure  Island,  a  long,  narrow  strip  of  land  which  forms  the  east 
shore  of  the  Sab  ine-Neches  Canal.  Elevations  of  Pleasure  Island  are  generally 
in  the  5  to  15  ft  range,  with  some  small  rises  exceeding  20  ft.  The  only 
impediments  to  wind  flow  from  south-southwest  clockwise  to  north-northeast 
directions  are  the  buildings  of  Port  Arthur  and  the  frictional  effects  of  the 
surrounding  marshlands. 

3.3.2  Beaumont 

The  Port  of  Beaumont  is  exposed  to  winds  with  an  easterly  component. 

Limited  protection  is  provided  for  winds  from  other  directions  by  the  buildings 
in  the  port  area  and  the  city  of  Beaumont,  and  by  the  frictional  effects  of  the 
surrounding  terrain.  Low  marshlands  with  elevations  less  than  5  ft  lie  to  the 
east  of  the  port  and  somewhat  higher  terrain  with  elevations  exceeding  20  ft 
exists  to  the  west. 
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Figure  XIII-17.  Tracks  of  the  12  tropical  cyclones  during  the  period 
1940-79  that  caused  sustained  winds  of  34  kt  or  greater  in  the  Port 
Arthur  area.  Although  records  of  hourly  wind  data  have  been  kept 
since  1929,  no  gale  force  winds  were  recorded  until  1940. 
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Figure  XIII-18.  Track  segments  of  tropical  cyclones  1940-79  showing 
storm  positions  when  winds  of  34  kt  or  greater  were  recorded  in  the 
Port  Arthur  area.  Some  bias  in  direction  of  movement  and  passing  side 
is  evident  during  the  period,  producing  the  predominance  of  south¬ 
easterly  winds  depicted  in  Figure  XIII-19  (following  page). 
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Figure  XIII-19.  Directions  of  winds  34  kt  or  greater  in  the  Port  Arthur 
area  during  passage  of  tropical  cyclones  1940-79.  Beginning  and  end  of 
gale  force  winds  shown  by  dot  and  arrowhead,  respectively,  as  in 
Figure  XIII-18.  Clockwise  direction  changes  indicate  storm  passage  to 
the  west,  while  counterclockwise  changes  indicate  passage  to  the  east. 
The  two  innermost  arrows  (connected  by  dashed  line)  reflect  a  direction 
shift,  recorded  when  a  storm  passed  over  the  recording  station. 
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3.3.3  Orange 

The  Port  of  Orange  is  most  vulnerable  to  southeasterly  winds,  as  the  Orange 
Municipal  Slip  is  open  in  that  direction.  The  expansive  marshlands  (with 
elevations  generally  less  than  5  ft  above  MSL)  opposite  the  slip  on  the  east 
side  of  the  Sabine  River  would  provide  only  limited  frictional  effects  to  reduce 
wind  speed.  Slightly  higher  terrain  north  and  west  of  Orange  would  furnish 
increased  frictional  effects  and  corresponding  decreased  wind  speeds. 

Low  marshlands  dominate  the  terrain  in  the  eastern  semicircle  around  the 
Lay  Berth  Facility.  Consequently,  the  facility  would  be  exposed  to  more-or-less 
unimpeded  flow  from  any  wind  having  an  easterly  component. 

3.4  WAVE  ACTION 

Due  to  the  locations  of  the  Ports  of  Port  Arthur,  Beaumont,  and  Orange  on 
relatively  narrow  waterways  rather  than  on  open  bays  and  harbors,  wave  action  is 
not  considered  to  be  a  critical  element  in  hurricane  preparation  planning  for 
large  vessels,  but  should  be  considered  in  any  evolution  involving  small  craft. 

The  wave  height  calculations  in  the  following  paragraphs  are  based  on  a 
uniform  depth  over  a  relatively  flat  bottom.  Uniform  depths  are  not  realistic 
in  the  waterways  serving  the  ports,  as  the  channel  is  invariably  deeper  than  the 
waters  bordering  it  and  the  channel  depth  varies  from  one  location  to  another. 
Consequently,  the  calculated  values  are  for  use  as  a  guide  only  and  should  not 
be  regarded  as  absolute  values. 

3.4.1  Port  Arthur 

The  location  of  the  Port  of  Port  Arthur  on  the  Sabine-Neches  Canal  prevents 
significant  wind  waves  if  the  wind  is  from  any  direction  other  than  northeast. 
The  canal,  which  is  oriented  on  an  approximate  040/220  degree  axis,  extends 
about  9  miles  northeast  of  the  port.  Given  a  channel  depth  of  40  ft  and  a  tidal 
surge  of  5  ft  for  a  water  depth  of  45  ft,  and  a  wind  blowing  directly  down  the 
canal  (northeast  to  southwest),  the  following  wave  calculations  can  be  made: 

25  kt  winds,  3  ft  wind  waves;  35  kt  winds,  4.5  ft  wind  waves;  50  kt  winds, 

6.5  ft  wind  waves;  75  kt  winds,  9.6  ft  wind  waves;  and  85  kt  winds,  10.3  ft  wind 
waves  (U.S.  Army  Corps  of  Engineers,  1973). 

It  is  emphasized  that  a  slight  change  in  wind  direction,  say  20  to  30 
degrees  in  either  direction,  so  that  it  is  not  blowing  directly  down  the  canal, 
would  significantly  reduce  wave  heights  to  a  2-3  ft  chop. 
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3.4.2  Beaumont 

The  winding  course  of  the  Neches  River  east  ot  Beaumont  precludes  long  wind 
wave  fetches.  The  maximum  effective  fetch  length  for  wind  waves  in  the  Port  of 
Beaumont  is  about  ?  miles.  with  a  channel  depth  of  40  ft  and  a  tidal  surge 
height  of  5  ft  for  a  water  depth  of  45  ft,  and  an  easterly  wind,  the  following 
wave  calculations  can  be  made:  25  k  t  winds,  1.7  ft  wind  waves;  35  k  t  winds, 

2.5  ft  wing  waves;  50  kt  winds,  3.9  ft  waves;  75  k  t  winds,  5.9  ft  wind  waves; 
and  35  kt  winds,  6.9  ft  winds  waves  (U.S.  Army  Corps  ot  Engineers,  1973).  The 
heights  given  would  occur  only  at  the  west  end  of  the  port  with  reduced  heights 
elsewhere. 

3.4.3  Orange 

The  location  of  the  Port  of  Orange  on  the  Orange  Municipal  Slip  effectively 
precludes  significant  wave  action  at  the  port.  With,  a  channel  depth  of  30  ft 
and  a  5  ft  tidal  surge  for  a  water  depth  of  35  ft,  and  a  southeasterly  wind 
blowing  through  the  slip  parallel  to  the  pier,  the  following  wave  calculations 
can  be  made:  25  kt  winds,  1.3  ft  wind  waves;  35  kt  winds,  1.9  ft  wind  waves; 

50  kt  winds,  2.9  ft  winds  waves;  75  kt  winds,  4.3  ft  wind  waves;  and  85  kt  winds, 
5  ft  wind  waves  (U.S.  Army  Corps  of  Engineers,  1973).  The  wave  heights  given 
would  occur  only  at  the  northwest  end  of  the  slip  with  reduced  heights  else¬ 
where.  Similar  heights  would  be  expected  in  the  river  channel  adjacent  to  the 
Lay  Berth  Facility  with  northeast  or  southwest  winds,  but,  because  the  piers  are 
oriented  cross-channe1,  alongside  areas  of  the  piers  would  be  protected  from  any 
significant  wave  action. 

3.5  STORM  SURGE  AND  TIDES 

Storm  surge  may  be  visualized  as  a  raised  dome  of  water,  moving  with  the 
storm,  and  centered  a  few  miles  right  of  its  path.  This  dome  height  is  related 
to  local  pressures  (i.e.,  a  barometer  effect  based  on  intensity  of  the  stern! 
and  to  the  local  winds.  Other  significant  contributing  factors  are  s t „ r m  speed, 
direction  of  approach,  bottom  topography,  and  coincidence  with  the  as t r on  on ic a  1 
tide. 

The  worst  circumstances  (Harris,  1963)  would  include  the  following: 

1.  Intense  storm  approaching  perpend  i  cu 1 ar  to  the  coast  with  landfall 
within  30  n  mi  to  the  west. 

2.  Broad,  shallow,  slowly  shoaling  bathymetry. 

3.  Coincidence  with  high  astronomical  tide. 
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The  Gulf  Coast  shoreline  adjacent  to  Port  Arthur  fulfills  the  bjtiy-i-'i  ■  . 
criteria  and  renders  the  Port  Arthur  area  susceptible  to  storm  surges. 

History  has  shown  that  the  Port  Arthur  area  is  vulnerable  to  the  o  c  c  .  •’  ■'  r "  c 
of  destructive  storm  surge  associated  with  tropical  cyclones.  T  n e  *  u  1  n t-  r  a ::  1  1  ’ 
of  the  area  has  been  proven  by  two  storms  of  recent  memory.  Hurricane  A  ■.  ■:  *•  t- 
June  1957,  and  Hurricane  Carla  in  SeDtemoer  1961.  Audrey,  whicn  moved  lnlan: 
some  16  miles  east  of  Sabine  Pass,  was  one  of  the  most  severe  hurricanes  t 
strike  the  ^oast  of  the  United  States  in  the  ■» o nth  of  June.  It  generated  a 
surge  of  9.4  ft  above  MSI  at  Sabine  Pass,  w  1 1  n  5.0  ft  above  M  S  L  recorded  at  'Jc  r 
Arthur  and  4.5  ft  above  MSI  recorded  at  Sea  urn  on t.  Several  lives  were  lost,  and 
over  1.5  million  dollars  of  damage  was  suffered  m  the  area.  Hurricane  Ir  1 1, 
the  largest  storm  to  strike  the  Texas  coast  since  1900,  crossed  the  coast 
approximately  200  miles  southwest  of  Sabine-  pass,  but  s u r g e  heights  of  9.4  ft 
above  MSI  at  Sabine  Pass,  7.6  ft  above  MSI  at  Port  Arthur,  5.5  ft  above  K S u  at 
the  mouth  of  the  Neches  River,  3.1  ft  above  MSI  on  the  north  snore  of  Sabine 
Lake,  and  7.4  ft  above  MSI  on  the  Sabine  River  at  Orange  were  recorded.  The 
surge  inundated  40  percent  of  the  Port  Arthur  area,  with  millions  of  dollars 
damage  suffered  (U.S.  Army  Corps  of  engineers,  15791. 

Sixteen  tropical  cyclones  have  had  significant  effects  on  the  Port  Arth-.r 
area  since  1900.  Of  these,  4  have  caused  surges  of  ’  ft  is*  ~  me  above  MS. 
Sabine  Pass,  with  3  exceeding  9  ft.  For  those  causing  Surges  of  0 v e •  5  * :  so  . 
M  S  L  at  Sabine  Pass,  Port  Arthur  recorded  surges  exceeding  7  ft  above  "  1 .  - >  *  w 
instances  and  over  5  ft  in  the  other,  witn  these  occurring  in  1915,  195’.  1  ••  ; 

1961.  Figure  XI 1 1  - 0  shows  the  tracks  of  the  three  hurricanes. 

Several  similarities  exist  between  Hurricane  Carla  and  the  191b  strr-. 

Both  originated  outside  the  Gulf  of  Mexico  and,  after  entering  the  G  .<  1 1  r  *' 
Mexico  through  the  Yucatan  Channel,  maintained  hurricane  strength  as  me., 
followed  parallel  tracks  to  the  Texas  coast;  and  both  recurved  after  a  k  '  n j 

landfall.  Hurricane  Audrey,  an  early  season  storm,  developed  in  the  Gulf  n f 
Campeche  and  moved  northward,  crossing  the  coast  just  east  of  satin, ;  ;,asc  b, 
recurving  northeastward.  Audrey's  track  closely  approximates  t  *1  e  "•  a  >  1  m  „  r 
probability  threat  track  shown  in  Figure  XIIi-12. 
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figure  A  !  I  I  -  2 0 .  Tracks  of 
three  tropical  cyclones 
that  produced  storm  tides 
of  9  ft  or  greater  at 
Sabine  Pass  and  5  ft  or 
greater  at  Port  Arthur , 
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Astronomical  tides  at  tne  jettied  entrance  to  Sabine  Pass  range  about  2.5  ft 
and  1.5  ft  at  Port  Arthur.  Periodic  tides  are  negligible  on  the  Sabine  and 
Neches  Rivers.  Tidal  currents  between  the  jetties  at  Sabine  Pass  average  1.1  kt 
at  flood  tide  and  1.6  kt  on  the  ebb,  with  a  maximum  velocity  of  2.5  kt  observed 
(U.S.  Department  of  Commerce,  1980).  Current  velocities  on  the  Sabine  and 
Neches  rivers  depend  largely  on  water  runoff  from  precipitation.  Maximum 
channel  velocities  on  the  Sabine  River  that  would  occur  as  a  result  of  flooding 
have  been  calculated  to  be  about  4.6  kt  (8  ft  per  second).  Because  tropical 
cyclones  are  usually  accompanied  by  heavy  precipitation,  similar  maximum 
velocities  are  possible  with  the  passage  of  a  tropical  cyclone.  Velocities 
resulting  only  from  floods  caused  by  hurricane  tides,  rather  than  precipitation, 
are  not  expected  to  be  significant  (U.S.  Army  Corps  of  Engineers,  1968). 

4.  THE  DECISION  TO  EVADE  OR  REMAIN  IN  PORT 

4 . 1  THREAT  ASSESSMENT 

For  the  masters  of  deep-draft  vessels,  the  lack  of  protected  alongside 
berths  and  the  elapsed  tune  required  to  negotiate  the  ship  channels  leading  to 
open  water  in  the  Gulf  of  Mexico  make  early  assessment  of  each  tropical  cyclone 
threat  essential.  This  assessment  should  be  related  to  the  setting  of  hurricane 
conditions  of  readiness  by  U.S.  Navy,  U.S.  Coast  Guard,  and  civil  authorities, 
and  conducted  using  current  advisories  and  forecasts  issued  by  the  Navy  and 
National  Weather  Service,  and  climatology  presented  herein. 

As  can  be  seen  in  Figures  XIII-12  through  XI I  1-16,  the  greatest  threat  of 
strong  winds  in  the  Port  Arthur  area  comes  from  tropical  cyclones  which  follow 
one  of  two  main  tracks.  Seventy-five  percent  (9  of  12)  of  the  tropical  cyclones 
which  caused  sustained  winds  of  gale  force  (Figure  XIII-17)  followed  these 
tracks,  with  5  entering  the  Gulf  of  Mexico  from  the  Caribbean  Sea  and  following 
a  northwester ly  course  to  the  Texas  coast.  Four  storms,  including  Hurricane 
Audrey,  originated  in  or  near  the  Gulf  of  Campeche  and  moved  northward  to  the 
coast.  Hurricane  Audrey  is  the  only  tropical  cyclone  to  cause  winds  of 
hurricane  force  to  be  recorded  in  the  Port  Arthur  area. 

While  the  greatest  threat  of  storm  surge  occurs  when  tropical  cyclones 
approach  more  or  less  perpend i cu 1 ar  to  the  coast  and  make  landfall  within 
75  n  mi  west,  and  30  n  mi  east  of  Sabine  Pass,  any  storm  causing  sustained  winds 
with  a  strong  southerly  component  in  the  Port  Arthur  area  could  produce  a 
significant  storm  surge.  A  prime  example  of  this  situation  is  Hurricane  Carla 
of  September  1961  (Figure  XI  I  1-20).  Carla  made  landfall  some  2  00  miles 
southwest  of  Sabine  Pass,  yet  caused  a  tidal  surge  of  near  record  levels  in  the 
Port  Arthur  area. 
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The  individual  storm  intensity  and  speed  of  movement  affect  the  extent  of 
damage  that  can  be  expected  from  any  given  storm.  As  a  general  rule,  any 
intense  tropical  storm  or  hurricane  approaching  from  the  Gulf  of  Mexico  such 
that  Port  Arthur  is  located  in  the  dangerous  right  front  quadrant  of  the  storm 
can  result  in  severe  wind  and  storm  surge  conditions.  The  months  of  maximum 
threat  in  terms  of  frequency  and  severity  are  August  and  September. 

4.2  EVASION  AT  SEA 

Evasion  at  sea  is  the  recommended  course  of  action  for  all  seaworthy  deep 
draft  vessels  when  the  port  is  under  threat  from  an  Intense  tropical  cyclone 
approaching  from  the  Gulf  of  Mexico  and  which  threatens  to  landfall  within 
100  n  mi  west  or  50  miles  east  of  Sabine  Pass.  Timing  of  this  decision  is 
affected  by: 

(1)  The  forward  speed  of  the  tropical  cyclone. 

(2)  The  radius  of  hazardous  winds  and  seas  that  can  impact  on  a  vessel's 
capacity  to  reach  open  water  and  then  maneuver  to  evade. 

(3)  The  elapsed  time  to  make  preparation  to  get  underway. 

(4)  The  elapsed  time  to  reach  open  water. 

For  example: 

The  worst  case  situation  would  be  an  intense  tropical  cyclone  moving 
more  or  less  perpendicular  toward  Port  Arthur  from  the  south.  Assume 
6  hours  are  required  to  make  preparations  for  leaving  port  after  the 
decision  to  evade  at  sea  is  made,  and  assume  another  4  hours  are 
required  to  transit  the  channels  enroute  to  deep  water  in  the  open 
sea.  (If  the  vessel  were  departing  Beaumont  or  Orange,  the  transit 
time  would  increase  by  3-5  hours.)  A  tropical  cyclone  approaching  at 
an  average  speed  of  10  kt  will  have  moved  100  n  mi  closer  to  Port 
Arthur  by  the  time  open  water  is  reached  and  the  vessel  is  about 
20  n  mi  closer  to  the  cyclone.  Add  to  this  the  radius  from  the 
tropical  cyclone  center  of  strong  winds  likely  to  hamper  harbor 
operations,  say  200  n  mi.  Summing  these  values  gives  320  miles 
(20+100+200)  or  32  hours  (at  a  10  kt  speed  of  advance)  as  the  minimum 
tropical  cyclone  displacement  from  Port  Arthur  in  distance  or  time 
when  the  decision  must  be  made  to  evade  at  sea  successfully.  A 
greater  margin  may  be  applicable  depending  on  greater  cyclone  speed  and 
intensity,  and  speed  capability  of  the  vessel. 

Hurricane  Condition  III  is  set  when  hurricane  force  winds  are  possible 
within  48  hours.  It  is  apparent  that  the  decision  to  prepare  for  sortie  should 
be  made  soon  after  setting  Hurricane  Condition  III.  Although  at  this  time  the 
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storm  center  may  be  more  than  500  miles  distant,  it  should  be  remembered  that 
the  average  tropical  cyclone  forecast  error  over  a  48-hr  period  is  on  the  order 
of  220  miles  for  those  tropical  cyclones  threatening  Port  Arthur.  Later 
departures  wager  the  accuracy  of  information  on  the  storm's  behavior  against 
mounting  risks  of  heavy  weather  damage. 

Once  sea  room  is  attained,  the  tactics  employed  will,  of  course,  depend  on 
the  location  of  the  threatening  tropical  cyclone,  its  speed  of  advance,  and  its 
direction  of  movement.  Up-to-date  information  is  essential  if  sound  decisions 
are  to  be  made.  Tropical  cyclone  location  and  intensity  information  with 
today's  satellite  technology  is  accurate  and  timely.  Forecasts  and  warnings  are 
issued  at  6-hourly  intervals  and  updated  as  necessary  to  reflect  important 
changes  in  position,  intensity,  and  movement. 

Ship  masters  wit',  access  to  these  advisories/warnings  are  in  the  best 
possible  position  to  modify  evasion  routes  and  tactics,  as  required,  to 
successfully  evade  the  storm.  The  cardinal  rule  of  seamanship  is  to  avoid  the 
dangerous  right-hand  semicircle.  The  following  guidelines  are  offered: 

(1)  For  tropical  cyclones  approaching  from  the  east  or  southeast:  Steam 
southwest  to  increase  distance  from  the  storm  while  taking  advantage  of 
following  winds  and  seas.  Because  of  the  shape  of  the  Texas  coastline  west  of 
Port  Arthur,  maneuvering  room  is  restricted;  a  fact  which  must  be  considered 
before  an  evasion  to  the  southwest  is  attempted. 

(2)  For  tropical  cyclones  approaching  from  the  southwest:  After  an  early 
departure  to  avoid  the  worst  effects  of  headwinds  and  seas,  steam  south  or 
southeast  to  reach  a  latitude  south  of  the  cyclone  center. 

(3)  For  tropical  cyclones  approaching  from  the  south:  Tropical  cyclones 
moving  across  the  Gulf  of  Mexico  in  a  northerly  direction  present  the  most 
vexing  of  evasion  problems.  Many  storms  move  directly  into  the  coast  early  in 
the  season,  but  in  September  and  October  there  is  a  strong  likelihood  of  cyclone 
recurvature  to  the  northeast  while  still  centered  over  the  Gulf.  An  evasion 
route  decided  on  earlier  may  have  to  be  altered  based  on  unexpected  changes  in 
cyclone  movement.  Evasion  tactics  must  be  based  on  the  latest  tropical  cyclone 
forecast  position  and  movement. 

4.3  RETURNING  TO  HARBOR 

The  damage  and  disarray  at  a  port  resulting  from  a  tropical  cyclone  strike 
may  include  navigation  hazards  such  as  displaced  channel  markers,  wrecks  in  the 
channel,  or  channel  depths  that  no  longer  meet  project  specifications.  Also, 
since  each  of  the  Ports  of  Port  Arthur,  8eaumont,  and  Orange  is  accessed  by 
narrow  channels,  the  potential  for  such  hazards  is  large.  Harbor  facilities  may 
be  so  damaged  as  to  preclude  offering  even  minimal  services.  Check  with  the 
Port  Authority  before  attempting  to  return. 
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4.4  REMAINING  IN  PORE 

Remaining  in  port  at  Port  Arthur,  Beaumont,  or  Orange  is  an  option  that 
should  receive  serious  consideration  whenever  a  vessel  is  incapable  of 
successful  evasion  at  sea  or  in  secondary  threat  situations,  including: 

(1)  A  tropical  cyclone  developing  within  the  180  n  in  i  radius  critical 

area . 

(2)  A  weak  tropical  cyclone  approaching  from  the  Gulf  of  Mexico  and 
forecast  not  to  intensify. 

(3)  A  tropical  cyclone  approaching  overland  from  the  east  or  west. 

(4)  A  tropical  s torm / hu rr  i  cane  expected  to  approach  within  180  n  mi  and 
make  landfall  more  than  100  n  mi  west  or  50  miles  east  of  Sabine  Pass. 

If  a  decision  is  made  to  remain  in  port,  and  if  vessel  draft  is 
sufficiently  shallow,  use  of  the  Port  of  Orange  Lay  Berth  Facility  (Figure 
X  1 1 1  -  9  >  is  recommended.  The  strength  of  the  concrete  piers  makes  it  in  ore 
acceptable  than  the  marginal  wharfs  at  the  Orange  Municipal  Slip  and  Port 
Arthur.  Wind  speeds  at  Beaumont  would  be  somewhat  reduced  due  to  friction,  but 
local  authorities  express  concern  regarding  the  strength  of  the  bollards  and 
bits  on  all  but  one  wharf  at  Beaumont,  and  consider  them  unacceptable  in  a 
hurricane  wind  situation.  If  vessel  draft  or  non-av  a  liability  precludes  use  of 
the  Lay  Berth  Facility  at  Orange,  few  desirable  options  remain.  Securing  the 
vessel  to  the  most  structurally  sound  wharf  available  is  recommended,  using 
sufficient  lines  to  withstand  hurricane  f orct  winds  yet  allow  for  water  height 
fluctuations  of  the  predicted  -mounts.  Bow  and  stern  "insurance  lines"  of  heavy 
wire  rope  are  recommended. 

Riding  out  a  tropical  cyclone  at  anchor  is  an  alternative  that  should  be 
considered  only  in  an  extremely  weak  tropical  cyclone  threat  situation.  Except 
for  the  Maritime  Administration  anchorage,  none  ot  the  anchorages  shown  on 
Figure  XII 1-2  have  the  qualities  necessary  for  a  good  heavy -weather  anchorage. 
Since  Maritime  Administration  permission  would  have  to  be  obtained,  and  drafts 
are  limited  to  16  ft  or  less,  use  of  the  Maritime  Administration  anchorage  would 
be  restricted  to  only  the  most  exceptional  cases. 

5.  ADVICE  TO  SHALLOW  DRAFT  VESSELS 

Shal'ow  draft  vessels  should,  if  feasible,  be  removed  from  the  water  and 
firmly  secured  ashore  at  an  elevation  of  at  least  20  ft  to  avoid  possible  high 
water.  Short  of  this  it  is  recommended  that  small  craft  seek  shelter  in  the 
upper  reaches  of  the  Neches  River  above  Beaumont  or  the  Sabine  River  above 
Orange.  The  1J.S.  Coast  Guard  at  Port  Arthur,  upon  the  setting  of  Hurricane 
Condition  One  by  the  Eighth  Coast  Guard  district,  sends  its  small  craft  to  the 
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Sabine  River  at  Or'ange.  It  should  be  borne  in  mind  that  southerly  winds  and 
storm  surge,  coupled  with  upriver  precipitation  runoff,  may  cause  extensive 
flooding. 

The  following  extract  from  U. S.  Coast  Pilot  5  (U.S.  Department  of  Commerce, 
1980)  is  relevant:  "Hurricane  moorings.  On  receiving  advisory  notice  of  a 
tropical  disturbance  small  boats  should  seek  shelter  in  a  small  winding  stream 
whose  banks  are  lined  with  trees,  preferably  cedar  or  mangrove.  Moor  with  bow 
and  stern  lines  fastened  to  the  lower  branches;  if  possible  snug  up  with  good 
chafing  gear.  The  knees  of  the  trees  will  act  as  fenders  and  the  branches, 
having  more  give  than  the  trunks,  will  ease  the  shocks  of  the  heavy  gusts.  If 
the  banks  are  lined  only  with  small  trees  or  large  shrubs,  use  clumps  of  them 
within  each  hawser  loop.  Keep  clear  of  any  tall  pines  as  they  generally  have 
shallow  roots  and  are  more  apt  to  be  blown  down." 

Using  open  water  anchorages  to  ride  out  the  passage  of  a  tropical  cyclone 
is  extremely  hazardous.  Virtually  no  protection  is  afforded  except  near  tne  lee 
shore.  Wind  wave  activity  can  be  quite  destructive,  not  to  mention  the  hazards 
of  floating  debris  resulting  from  the  effects  of  wind  waves,  high  water,  and 
high  winds. 

The  prudent  small  boat  operator  will  have  selected  several  potential  havens 
beforehand  in  which  to  take  shelter  in  various  tropical  cyclone  threat  situa¬ 
tions.  He  will  proceed  to  his  haven  well  in  advance  to  avoid  the  chaos  and 
congestion  endured  by  his  fellow  boaters  who  delay  until  the  onset  of 
destructive  conditions  is  imminent. 
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SUMMARY 


Tampa's  location  in  the  hurricane  belt,  lack  of 
sheltered  facilities,  and  vulnerability  to  storm  surge 
render  it  a  poor  hurricane  haven.  Evasion  at  sea  is 
recommended  for  all  seaworthy  deep-draft  vessels  when  Tampa 
is  threatened  by  an  intense  tropical  storm  or  hurricane 
approaching  from  the  Gulf  of  Mexico,  or  hurricane 
approaching  overland  across  the  Florida  Peninsula. 

Small  craft  should  be  removed  from  the  water  and  firmly 
secured  above  the  predicted  high  water  line.  Otherwise, 
seeking  shelter  in  the  upper  reaches  of  the  Hillsborough, 
Alafia,  or  Little  Manatee  Rivers  is  recommended. 

Located  on  the  west  coast  of  the  Florida  Peninsula, 
Tampa  is  the  largest  port  in  Florida  and  the  7th  largest 
port  in  the  United  States.  No  U.S.  Navy  ships  are  home- 
ported  in  Tampa,  but  MacDill  Air  Force  Base  is  a  prominent 
mill  tary  presence. 

Tampa  has  been  threatened  by  an  average  of  1.6  tropical 
cyclones  per  year,  of  which  1  out  of  5  caused  sustained 
winds  of  gale  force  in  the  Tampa  area.  While  there  are  4 
recorded  instances  of  sustained  50  kt  winds  during  the  years 
1932-1979,  only  one  tropical  cyclone  caused  sustained  winds 
of  hurricane  strength. 

The  hurricane  season  is  late  May  through  early 
November,  but  Tampa  has  been  threatened  by  tropical  cyclones 
as  early  as  February  and  as  late  as  December.  The  months  of 
maximum  occurrence  are  September  and  October,  but  June  is  a 
strong  threat  month  for  tropical  cyclones  moving  northward 
from  the  western  Caribbean  Sea. 

Although  the  landmass  of  the  Florida  Peninsula  lies 
east  of  Tampa,  it  affords  little  protection  from  tropical 
cyclones.  History  has  shown  that  Tampa  is  vulnerable  to 
tropical  cyclones  approaching  from  all  directions.  Forty- 
two  percent  of  all  tropical  cyclones  causing  sustained  winds 
of  gale  force  to  be  recorded  in  the  area  had  trajectories 
that  carried  tnem  over  a  large  portion  of  the  landmass 
southeast  of  Tampa  prior  to  affecting  Tampa. 


This  hurricane  haven  evaluation  wan  prepuri  >  1  y 
R.D.  Gilmore  ot  ocean  Data  Systems,  Inc,  (ODSI), 
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1.  GEOGRAPHICAL  LOCATION  AND  TOPOGRAPHY 

Tampa  is  located  at  the  approximate  mid-point  on  the  west  coast  of  i  r  r 
Florida  Peninsula.  As  shown  in  Figure  XIV-1,  the  city  anj  Port  ot  Tnpj  '  ’ a 
the  north  end  of  Hillsborough  Bay,  an  arm  of  Tampa  Bay.  Approximately  6  to 
miles  wide  and  some  20  miles  long,  Tampa  Bay  serves  not  only  as  access  l  t  o e 
Port  of  Tampa,  but  also  the  Port  of  St.  Petersburg,  Port  Tampa,  arid  Purt 
Manatee . 

As  is  the  case  with  many  of  the  areas  on  the  Gulf  Coast,  the  lands 
surrounding  Tampa  Bay  are  generally  low  in  elevation,  and  much  of  the  lew- i  yin 
real  estate  has  been  developed  for  homesites  or  industrial  purposes.  E-cePt  f 
a  section  of  southern  Pinellas  Peninsula,  few  elevations  reach  30  ft  within  3 
miles  of  the  bay. 

For  deep-draft  vessels,  the  main  ship  channel  passes  between  E g t o n t  Key  a 
Mullet  Key  into  a  dredged  cut  that  enters  Tampa  Bay  (Figure  XIV-1).  A  Federal 
project  provides  for  depths  of  36  ft  in  the  entrance  from  the  Gulf  of  M  e  x  i  c  .  . 
thence  34  ft  to  Tampa  and  Port  Tampa  (U.S.  Department  of  Commerce,  198u';.* 

Southwest  Channel,  a  natural  passage  south  of  Egmont  Key,  has  a  control  m 
depth  f  about  16  ft  but  is  subject  to  shoaling  (U.S.  Department  of  Commerce. 
1980).  Use  of  Southwest  Channel  is  not  recommended  for  ocean  going  vessels 
except  those  with  very  shallow  drafts. 

Water  depths  in  Tampa  Bay  vary  significantly  from  one  location  to  another 
Dut  are  generally  shallow  with  depths  less  than  15  ft  outside  the  natural 
channel  through  which  the  dredged  channel  is  cut. 

The  waters  of  Old  Tampa  Bay  (Figure  XIV-1)  are  uniformly  shallow  with 
depths  of  less  than  12  ft  predominating.  Depths  of  15  to  17  ft  are  located  t . c 
the  center,  while  18  to  24  ft  can  be  found  in  a  small  art;  a  in  the  southeast 
corner  of  the  bay.  Water  depths  in  Hillsborough  Bay  (Figure  XIV-1;  are  a i s , 
shallow  with  depths  outside  the  dredged  channel  generally  less  than  12  ft. 

One  bridge  crosses  the  channel  at  the  entrance  to  Tampa  Bay.  tailed  toe 
Sunshine  Skyway,  it  is  a  land-filled  causeway  for  most  of  its  length,  but 
becomes  an  800-ft  fixed  span  over  the  main  ship  channel  with  clearances  of 
149  ft  at  the  center  and  140  ft  at  the  fenders  (U.S.  Department  of  Commerce, 
1980).  Originally  constructed  as  a  twin  span  bridge,  it  was  reduce  1  te  a  sin; 
span  after  the  westward  structure  was  downed  when  struck  by  a  ship  durnuj  a 
storm.  No  other  bridges  cross  the  ship  channel.  Three  low-eleva*  ion  ciusewa; 
and  bridge  combinations  cross  Old  Tampa  Bay  between  Tampa  and  Pinellas  Peninsu 
but  do  not  cross  the  ship  channel  and,  therefore,  do  not  impact  snip  movement. 


*See  Notice  to  Mariners  and  latest  editions  of  charts  for  controlling  depths. 
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Two  1  o  w  -  e  1  e  v  a  t  1  o  n  ,  fixed,  highway  bridges  cross  the  shallow  waterway  oo-'th 
Davis  Islands  'Figure  XIV-?).  With  a  width  of  34  ft  and  clearance  of  only 
the  bridges  limit  the  use  of  the  waterway  to  small  craft.  A  railroad  j  r  a  *  t 
with  an  unopened  clearance  of  5  ft  crosses  Garrison  Channel  north  of  3  odd;.  • 
Island  rigure  X I V  -  2  >  )U.S.  Department  of  Commerce,  1  980). 

?.  PORT  AND  HARBOR  FACILITIES 

?.l  BERTHS  FOR  DEEP  DRAFF  VESSELS 

r  .  1  .  1  Port  of  Tampa 

Toe  Port  of  Tampa  includes  the  facilities  at  Tampa  props-,  3ort  Tv’pa, 
Sit  ton,  and  East  Tampa  (Alafia  River).  Of  the  96  piers,  wharves,  and  docks 
the  Port  of  Tampa,  only  19  are  owned  by  the  Tampa  Port  Authority.  Of  these 
hive  alongside  depths  of  less  than  ?0  ft,  and  art  not  considered  to  he  deep 
draft  facilities.  The  remaining  16  are  locate!  around  the  periphery  of  Moo 
Point  and  on  Ybnr  Channel.  With  alongside  dept.. is  of  Pd  to  14  ft  {3d -34  ft 
predominating),  the  facilities  have  deck  heights  ranging  from  6  to  Is  ft,  «, 
most  deck  heights  in  the  6  to  8  ft  range. 
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Port  Manatee  has  two  2000  horsepower  d 1 e se ! - oper a t ed  tugs  available  for 
docking,  undocking,  and  vessel  movement  as  necessary. 

2 .1.3  Port  of  St. _ Petersburg 

The  Port  of  St.  Petersburg  is  not  considered  to  be  a  true  deep  water  port. 
Although,  according  to  U.S.  Department  of  Commerce,  1980,  "A  draft  of  25  ft  can 
be  taken  within  0.5  mile  of  St.  Petersburg  by  following  the  main  ship  channel 
through  the  west  reach  leading  to  Port  Tampa,  then  turning  southwest  into  the 
natural  deep  water  area  extending  toward  St.  Petersburg,"  tne  controlling  depth 
in  the  port  oasin  is  only  15  ft.  The  Port  of  St.  Petersburg  has  1500  ft  of 

berthing  space  with  an  alongside  depth  of  17  ft  and  a  deck  height  of  S  ft  i,  U.S. 

Department  of  Commerce,  1980). 

Tne  O.S.  Coast  Guard  maintains  two  shallow-draft  2 1 0 - f t  cutters  at  the  Port 
of  St.  Petersburg. 

2.2  HEAVY  WEATHER  FACILITIES  AND  ANCHORAGES 

Tampa  Bay  offers  little  shelter  from  heavy  weather.  The  generally  low 
elevations  of  the  surrounding  terrain  afford  only  limited  protection  from  strong 
winds.  Tne  configuration  of  the  bay  makes  it  most  vulnerable  to  winds  from  the 

south  or-  southwest,  but  the  area  is  liable  to  the  effects  of  wind  from  any 

:!  i e  :  1 1  o  n  . 

':>  e ;  e  r  a  1  anchorages  are  available  in  or  near  Tampa  Bay.  According  to  j .  S . 
Department  of  :  unerce,  1980,  "Vessels  with  good  ground  tackle  should  ancho>- 
tne  Tampa  Anchorages,  N  and  S  of  the  Tampa  Safety  Fairway  leading  to  Egmont 
Channel  —  These  anchorages  can  be  used  to  ride  out  any  gale  short  of  a 

hurricane."  Tne  approximate  positions  of  these  anchorages  are  indicated  by  the 

letter  "A"  on  Figure  X I V  - 1 .  Other  commonly  used  anchorages  are  indicated  by  the 
letter  "B"  on  Figure  X I V  - 1  but,  according  to  local  authorities,  they  are 
recommended  as  fair  weather-  anchorages  only  and  should  not  be  used  for  riding 
out  a  storm. 

Facilities  are  available  for  making  repairs  to  hulls  and  machinery. 

Included  in  this  capability  are  two  graving  docks,  one  measuring  900x150  ft  (the 

largest  on  the  Gulf  Coast),  and  a  second  measuring  546x76  ft  'Tampa  Port 

Authority,  1981). 

Tugs  are  normally  used  for  assisting  in  docking,  undocking,  and  towing. 

They  are  in  plentiful  supply  for  normal  operations,  but  since  some  may  be  out  of 
the  area  on  towing  jobs  to  other  ports,  and  in  view  of  likely  increased  demand 
when  heavy  weather  is  expected,  arrangements  for  tug  services  should  be  made  as 
early  as  possible. 
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2.3  FACILITIES  FOR  COASTAL  AND  IN-SHORE  VESSELS 

Tampa  Bay  is  located  in  an  important  shipping  and  fishing  area  and  serves 
many  fishing  vessels.  The  region  is  also  a  major  winter  resort  area  and  home  to 
thousands  of  recreational  boaters,  so  Tampa  Bay  and  surrounding  waters  are  busy 
with  small  craft  of  many  sizes  and  types. 

Numerous  marinas  permeate  the  entire  region,  offering  a  complete  range  of 
accommodations  and  services,  including  repair,  fuel,  ice,  water,  and  food  for 
recreational  boaters,  and  in  some  instances,  small  commercial  fishing  vessels. 
Several  commercial  facilities  for  serving  coastal,  inshore  and  fishing  vessels 
are  described  in  Port  Series  No.  17  published  in  1979  by  the  U.S.  Army  Corps  of 
Eng i neers  . 

3.  ANALYSIS  OF  THE  TROPICAL  CYCLONE  THREAT  AT  TAMPA 

3.1  INTRODUCTION 

By  examining  relevant  ch ar ac ter  i  s 1 1  c s  of  tropical  cyclones  such  as  track, 
speed  of  movement,  intensity,  month  of  occurrence,  etc.,  some  insight  may  be 
gained  into  their  typical  behavior.  This  background  knowledge  and  understanding 
allows  attention  to  be  focused  on  those  storms  most  likely  to  have  a  serious 
effect  on  Tampa.  However,  the  historical  behavior  of  storms  and  their  impact  on 
Tampa  should  not  be  regarded  as  a  reliable  guide  to  the  detailed  behavior  and 
impact  of  a  particular  storm  as  it  approaches  the  port. 

3.2  CLIMATOLOGY 

For  the  purpose  of  this  study,  any  tropical  cyclone  approaching  within 
130  n  mi  of  Tampa  is  considered  to  represent  a  threat  to  the  port. 

The  location  of  Tampa  on  the  west  coast  of  the  Florida  Peninsula  is 
significant,  since  the  coastline  is  nearly  parallel  to  normal  tropical  cyclone 
tracks  as  they  move  more  or  less  northward  out  of  the  tropics.  Also  of 
importance  is  Tampa's  latitude  of  about  27. 8N;  this  is  within  the  normal  locus 
of  tropical  cyclone  recurvature  which  oscillates  between  latitudes  25N  and  35N. 
This  latter  factor  is  important,  because  it  is  the  character  of  tropical 
cyclones  to  slow  and  intensify  during  the  recurvature  stage.  During 
recurvature,  it  is  difficult  to  predict  with  great  accuracy  the  rate  of 
recurvat  >-e,  the  storm  speed  of  movement  subsequent  to  recurvature  and, 
obviously,  the  storm's  precise  future  position  at  a  point  in  time. 

The  hurricane  season  extends  from  late  May  through  early  November,  but 
tropical  cyclones  occur  occasionally  outside  of  that  period,  with  Tampa 
recording  storms  in  February  and  December.  During  the  109-year  period  from  1871 
through  1979  there  were  171  tropical  cyclones  that  met  the  180  n  mi  threat 
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criteria  for  Tampa,  an  average  of  nearly  1.6  per  year.  Table  X I V  - 1  shows  the 
monthly  totals  and  percentages.  These  data  are  graphically  presented  in  Figure 
X  I  V  -  4  . 


Table  X  I  V  - 1 .  Monthly  totals  of  tropical  cyclones  passing 
within  180  n  nil  of  Tampa  during  the  period  1871-1979. 


Month 

Number 

%  of 

Total 

February 

1 

0 

.  5 

May 

4 

2 

.  4 

June 

21 

12 

.  3 

July 

12 

7 

.0 

August 

28 

16 

.  4 

Sep  tember 

50 

29 

.  3 

October 

52 

30 

.  4 

November 

2 

1 

.  2 

December 

1 _ 

0 

.  5 

Figure  X I  i/  -  5  illustrates  the  171  events  as  a  function  of  compass  octant 
from  which  trop’cal  cyclones  have  approached  Tampa  during  the  years  1871-1979. 
The  numbers  in  parentheses  represent  the  percentage  of  cyclones  from  the  sample 
approaching  from  a  particular  octant.  The  figure  shows  that  the  major  threat 
sector  extends  from  the  southeast  through  southwest,  as  67  percent  of  the 
cyclones  approached  from  those  sectors.  It  is  significant  to  note  that  tropical 
cyclones  have  approached  from  all  of  the  octants;  no  octant  is  "safe"  from  a 
storm's  approach.  Of  the  12  tropical  cyclones  th3t  have  caused  winds  of  gale 
force  (34  kt  or  greater)  to  be  recorded  at  Tampa  since  hourly  wind  records  were 
first  maintained  in  1932,  5  have  had  trajectories  that  carried  them  over  a  large 
portion  of  the  land  mass  southeast  of  Tampa. 

Six  tropical  cyclones  have  formed  within  180  n  mi  of  Tampa,  of  which  2 
developed  rapidly  to  hurricane  strength. 

Records  of  tropical  cyclones  penetrating  the  130  n  mi  critical  area  during 
the  8 1  - year  period  for  which  tropical  cyclone  intensity  data  are  available  are 
tabulated  in  Table  X I V  -  2  by  intensity  and  month  of  occurrence.  Whereas  Table 
X I V  - 1  showed  that  October  had  a  slightly  higher  percentage  of  tropical  cyclone 
activity  when  all  of  the  171  tropical  cyclones  occurring  during  the  period  1371- 
1979  wer .  considered,  Table  XIV-2  shows  September  to  be  ttie  month  of  greatest 
activity  for  the  years  1899-1979.  Of  63  hurricanes  recorded  during  this  period, 
34  (64%)  occurred  in  September  and  October.  Overa'l,  79  out  of  116  (69%) 
tropical  cyclones  occurring  during  this  31  year  Deriod  were  of  the  two  strongest 
■  a  t.  e  go r  1  e  s  . 
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Figure  X  I V  -  5 .  Directions  of 
approach  of  tropical  cyclones 
that  passed  within  180  n  mi 
of  Tampa  during  the  period 
1871-1979.  Numbers  of  storms 
approaching  from  each 
octant  (e.g.,  35)  and  per¬ 
cent  of  the  total  approach¬ 
ing  from  that  octant  (e.g., 
21%)  are  shown 
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Table  X  I  V  -  2  .  Classification  of  115  tropical  cyclones  which  passed 
within  180  n  mi  of  Tampa  during  the  period  1899-1979. 


Max imum 

Intens i ty* 

Feb  - 
June 

July 

Aug 

Sep 

Oct 

Nov  - 
Dec 

Totals 

Hurricane 

b 

4 

8 

19 

15 

2 

53 

Intense 

Tropical 

Storm 

3 

1 

6 

6 

5 

0 

2  6 

Weak 

Trup l ca  1 

Storm 

— 

3 

2 

2 

4 

7 

1 

1  9 

Tropica! 
Depress  ion 

— 

_ 

0 

'? 

3 

i 

0 

1 7 

TOTALS  [  31 

9 

19 

35 

28 

115 

"Intensity  values  reflect  the  maximum  intensity  while  in  the  130  n  mi 
cr  itical  radius  of  Tj-iipa.  Upper  limit  of  a  weak  tropical  storm  is  47  kt. 


figures  X  I  V  -  6  through  X  I  V  - 1 0  are  statistica1  summaries  of  threat  probabil¬ 
ity  for'  the  years  1871  through  1  9  7  9.  These  summary  d  a  t  a  are  p  r  e  s  e  n  t  e  d  in  five 
charts,  each  represent ing  data  encompassing  specific  periods  djring  the  year: 
tropical  cyclones  occurring  during  February  through  June,  July  and  August, 
September,  October  through  December,  and  all  tropical  cyclones  of  record  during 
the  109- year  period. 

The  solid  lines  in  these  figures  represent  the  “Percent  Threat"  for  any 
storm  location.  The  dashed  lines  represent  approximate  approach  times  to  Tampa 
based  on  the  climatological  approach  speed  for  a  particular  location.  For 
example,  in  Figure  xIV-6,  a  tropical  cyclone  located  over  western  Cuba  has  an 
3  0  X  probability  of  passing  within  130  n  mi  of  Tampa,  and  would  reach  Tam  p  a  i n  3  b 
to  4  3  hours  (1  )/?.-?  'Jays). 

The  average  speed  of  advance  near  Tampa  of  all  tropical  cyclones  with  winds 
of  at  least  34  <  t  that  have  threatened  Tampa  is  about  8  kt.  Early  season  (May 
to  mid-July)  speeds  are  somewhat  higher,  averaging  9  to  10  kt,  while  mid-season 
(mid- July  to  mid-August)  speeds  are  about  7  kt  (Neumann  and  Pryslak,  1931). 

A  comparison  of  Figures  XIV-6  through  X I V  -  9  shows  some  distinct  differences 
in  threat  axis  according  to  time  of  year.  Early  in  the  season,  from  Tot>  run ry 
through  .June  (Figu>e  X 1 V  -  6 ) ,  the  primary  threat,  axis  originates  in  t.  he  western 
Caribbean  Sea  east  of  Nicaragua,  and  ex  lends  northward  across  western  Cuba  to 
Tampa.  A  secondary  to  re  at  axis  originates  north  of  the  eastern  Bahama  Islands 
and  extends  west. -nor' hwrsl  ward  across  Florida  to  Tampa. 

By  duly  and  August  (Figure  X  I  V  -  7  : ,  the  main  threat  a  •  i  «.  has  sh’fted 
dramatically  n  o  r  t.  he  a  s  t.  w  a  r  d  to  a  posit  i  on  jest,  s  n  g  t  »i  of  the  early  season 
secondary  track.  Originating  n  the  Lesser  Antilles,  in  extension  o t  the  main 
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TAMPA  -  TIJLY  AND  AUGUST 


■  f  Tampa  {  s  n  a  d  e  d  circle),  and 
approach,  d  u  ri  n  (j  July  arid  Au<]i 


3 .  Probability  that  a  tropical  cyclone  will  past  within  180  n 
(snaded  circle),  and  approximate  time  to  reach  closest  point  of 
during  September  ( based  on  data  from  1871-1979). 


TAMPA  -  OCTOBER  THROUGH  DECEMBER 


qure  XIV- 9.  Probability  that  a  tropical  cyclone  will  pass  wi 
of  Tampa  ’shaded  circle),  and  a  p  pi  o  /.  i  in  a  to  time  to  reach  close 
approach,  during  October  through  December  (based  on  data  fro?: 
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j . 3  WIND  AND  TOPOGRAPH] CAL  EFFECTS 

Recor.is  of  hourly  n  1  ml  data  for  locations  in  the  greater  T  3npa  Bay  area  a  ••  e 
a  v  j 1 1  a  d 1 e  for  the  period  193?  through  1979.  One  location  -  -  St.  Petersburg 
has  records  available  for  the  entire  43- year  period,  while  Tan  pa  and  M  a c  D  i  1  1  A  i  ■" 
Forte  Base  have  records  for  shorter  periods.  The  hour  1 y  records  that  were  i  s e  d 
in  this  study  are: 

Tampa  November  i9  35  through  September  1979 

St.  Petersburg  August  1932  through  September  1979 

Mac  Dill  AF'd  September  1941  through  September  1979 

The  locations  of  the  observing  stations  for  Tampa,  St.  Petersburg,  and 
Mac Dil  I  4FB  are  indicated  by  the  numbers  "1“  through  3"  respectively  on  Figure 
X  I  V  -  1  . 

In  the  43 -year  per’od  for  which  wind  data  are  available,  75  tropical 
cyclones  approached  within  ISO  n  mi  of  Tampa,  an  average  of  1.6  per  year, 
tabular  breakdown  based  on  intensity  of  these  cyclones  while  within  the  led  r  : 
radius  is  shown  in  Table  X I  V  -  3 . 

Table  XIV- 3.  Classification  of  the  75  tropical  cyclones  which 
passed  within  180  n  mi  of  Tampa  during  the  period  1932-1979. 


Hurricane 

Tropical  Storm 

Tropical  Depression 

[ _ 63  k  t ) 

_(_3 4 _ to  6 3  k  tj_ 

(  34  kt) 

Total 

31 

28 

16 

7 

Of  the  59  tropical  storms  and  hurricanes,  12  caused  sustained  winds  of 
34  < t  or  greater  in  the  Tampa  area,  based  solely  on  hourly  wind  observations 
during  the  period.  Four  of  the  12  caused  sustained  winds  of  50  kt  or  greater, 
with  1  causing  sustained  winds  of  hurricane  force  (64  kt  or  greater,'.  Two  of 
the  remaining  3  caused  gusts  to  hurricane  force.  Based  on  the  193?  through  1 9 7  9 
wind  data,  gale  force  winds  can  be  expected  from  1  out  of  every  5  tropica' 
s t orm s /h u r r  l  c anes  passing  within  i80  n  mi  of  Tampa,  and  hurricane  force  winds 
can  be  expected  from  1  out  of  every  20  tropical  storms/ hurricanes. 

Figure  XIV-11  depicts  the  tracks  of  all  1?  storms  that  caused  gale  force 
winds  in  the  Tampa  area  (track  information  from  Neumann  et  a!.,  1978).  Figure 

X  I  V  - 1  2  shows  the  location  of  each  storm  center  when  winds  of  23  kt  or  greater 
and  34  kt  or  greater  were  recorded.  Figure  X I V  - 1 3  depicts  the  wind  direction 
distribution  for  the  same  1?  storms  while  winds  of  gale  force  were  recorded.  It 
is  interesting  to  note  that  while  gale  force  winds  were  recorded  from  all 
directions,  11  of  the  12  gale  force  occurrences  started  when  the  wind  direction 
fell  within  very  narrow  boundaries  --  from  narth-nort beast  through  northeast, 
and  from  south-southwest  through  southwest. 
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Figure  XIV-1'.  Track,  segments  of  )  939-7y  tropical  ... 
that  produced  winds  34  k  t  o  r  u  r?a  ter  s  o  lid  1  i  ••  e  s 
Also  shown  are  track  segments  cf  winds  23  ► t  or  ere 
i  d  a  s  n  e  d  lines) 
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i g u r e  X 1 V -  1 3  D i r e c  t i o n s  of  winds 
34  kt  or  greater  in  the  T  a  is  pa  area 
during  tropical  cyclone  passages 
1939-79.  Beginning  and  end  of  gale 
force  winds  shown  o y  dot  and  arrow¬ 
head,  respectively,  as  in  figure 
X  I  V  -  1 2 .  Clockwise  direction 
changes  indicate  storm  passage  to 
the  west,  while  counterclockwise 
changes  indicate  passages  to  the 
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Maximum  wind  wave  action  on  Tampa  Bay  would  result  from  strong  north¬ 
easterly  or  southwesterly  winds.  Using  an  average  water  depth  of  20  ft  and  a 
fetch  length  of  20  miles,  the  following  calculations  can  be  made:  35  kt  winds 
would  generate  4  ft  wind  waves;  50  kt  winds,  5.3  ft  wind  waves;  75  kt  winds, 

6.5  ft  wind  waves;  and  85  kt  winds,  7  ft  wind  waves  (U.S.  Army  Corps  of 
Engineers,  1973).  Adding  a  tidal  surge  height  of  10  ft  would  increase  the  85  kt 
wind  waves  to  slightly  over  9  ft. 

It  should  be  noted  that  wind  wave  calculations  are  based  on  a  uniform  depth 
over  an  assumed  flat  bottom.  Since  water  depth  in  Tampa  Bay  and  Hillsborough 
Bay  varies  greatly  from  one  location  to  another,  the  above  calculations  and 
those  to  follow  are  for  use  as  a  guide  only  and  should  not  be  regarded  as 
absolute  values. 

3.4.1  Facilities  on  Tampa  Bay 

Port  Tampa  is  located  on  the  west  side  of  Interbay  Peninsula  (Figure 
X I V  - 1 ) .  Open  to  the  west,  reduced  water  depths  and  fetch  length  limit  wind  wave 
heights  to  4  ft  for  85  kt  winds.  The  Port  of  St.  Petersburg  (Figure  X I V - 1 )  is 
exposed  to  east  and  southeast  winds  and  waves.  With  a  fetch  length  of  7  miles, 
and  water  depths  averaging  15  ft,  the  following  wave  calculations  can  be  made: 

35  kt  winds,  3  ft  wind  waves;  50  kt  winds,  4  ft  wind  waves;  75  kt  winds,  5  ft 
wind  waves;  and  85  kt  winds,  5.6  ft  wind  waves.  A  10  ft  tidal  surge  would 
increase  the  85  kt  wind  wave  height  to  7.5  ft  (U.S.  Army  Corps  of  Engineers, 

1973  )  . 

Port  Manatee  (Figures  X I V - 1  and  X I V - 3 )  is  exposed  to  the  west,  but  is  well 
protected  from  significant  normal  wave  action  by  a  spoil  bank  some  700  yards 
west  of  the  Port  Manatee  turning  basin,  and  by  water  depths  of  only  3  ft 
(outside  the  channel  cut)  extending  approximately  800  yards  offshore.  If  a 
tidal  surge  were  to  increase  water  levels  by  10  ft,  the  port  would  be  exposed  to 
wave  heights  as  follows:  35  kt  winds,  3  ft  wind  waves;  50  kt  winds,  4  ft  wind 

waves;  75  kt  winds,  5  ft  wind  waves;  and  85  kt  winds,  5.5  ft  wind  waves  (U.S. 

Army  Corps  of  Engineers,  1973). 

3.4.2  Facilities  on  Hillsborough  Bay 

The  shape  of  Hillsborough  Bay  (Figure  X I V  - 1 )  renders  it  most  susceptible  to 
wind  waves  generated  by  south  and  southwesterly  winds.  With  a  north-south 
length  of  about  8  miles  and  an  average  water  depth  of  15  ft,  sustained  35  kt 
winds  from  the  south  may  produce  waves  of  about  3  ft.  Similarly,  50  kt  winds 
would  produce  4  ft  wind  waves;  75  kt  winds,  5.3  ft  wind  waves,  and  85  kt  winds, 
5.8  ft  wind  waves.  If  a  storm  surge  of  10  ft  were  added  to  the  water  depth,  the 
wind  waves  for  a  35  kt  wind  would  increase  to  3.8  ft;  50  kt  winds,  5.2  ft  wind 
waves;  75  kt  winds,  7  ft  wind  waves;  and  85  kt  winds,  7.7  ft  wind  waves  (U.S. 

Army  Corps  of  Engineers,  1973).  Most  of  the  Hillsborough  Bay  deep-draft 
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facilities  are  protected  from  wave  action  by  Davis  Islands,  Seddon  Island, 
Hookers  Point  and  Pendola  Point  (Figure  X  I V  -  2 ) .  Port  Sutton  is  exposed  to  the 
west,  but  limited  fetch  length  and  water  depth  preclude  significant  wave  action 
from  that  direction.  East  Tampa  (Alafia  River)  is  also  exposed  to  westerly 
winds  and  waves.  With  a  maximum  fetch  length  of  about  3.5  miles,  the  maximum 
wind  wave  height  generated  by  an  85-kt  wind  would  be  on  the  order  of  5.5  ft. 

3.5  STORM  SURGE  AND  TIDES 

Storm  surge  may  be  visualized  as  a  raised  dome  of  water,  moving  with  the 
storm,  and  centered  a  few  miles  to  the  right  of  its  path.  The  dome  height  is 
related  to  local  pressure  (i.e.,  a  barometer  effect  dependent  on  the  intensity 
of  the  storm)  and  to  local  winds.  Other  significant  contributing  factors  are 
storm  speed,  direction  of  approach,  bottom  topography,  and  coincidence  with 
astronom  ica 1  t  Ide. 

The  worst  circumstances  (Harris,  1963,  Pore  and  Barrientos,  1976,  and  Tampa 
Bay  Regional  Planning  Council,  1981)  would  include: 

(1)  An  intense  storm  approaching  perpendicular  to  the  coast  with  the 
harbor  within  30  n  mi  to  the  right  of  the  storm's  track. 

(2)  Broad,  shallow,  slowly  shoaling  bathymetry. 

(3)  Coincidence  with  high  astronomical  tide. 

The  waters  along  the  west  coast  of  the  Florida  Pemnsu'a  in  the  vicinity  of 
Tampa  Bay  meet  the  bathymetry  criteria.  This  factor,  coupled  with  the  charac¬ 
teristics  of  Tampa  Bay  (i.e.,  large  mouth  exposed  to  seaward  and  shallow 
depths),  render  Tampa  Bay  exceptionally  vulnerable  to  storm  surges. 

Documents  on  file  at  the  National  Weather  Service  Office  in  Ruskin,  Florida 
indicate  that  the  Tampa  Bay  area  has  recorded  storm  surges  as  early  as  1848. 

Some  excerpts  from  the  records  are  given  in  Table  X I V - 4 

Figure  X I V  - 1 4  shows  the  tracks  of  the  storms  causing  the  water  level 
changes  listed  in  Table  X I V  -  4  for  the  years  1910  through  1972.  (Track  informa¬ 
tion  from  Neumann  et  al.,  1978,  and  DeAngelis,  1973.)  Tracks  for  the  1848 
storms  are  unavailable. 

The  values  given  in  Table  X  I V  -  4  show  that  a  tidal  surge  of  5  ft  or  more  is 
not  an  uncommon  occurrence  in  Tampa  Bay,  and  that  surges  of  devastating  propor¬ 
tions  (such  as  the  one  in  1848)  are  possible.  Also  of  significance  is  the 
record  for  October  18,  1910  when  the  water  level  in  Hillsborough  River  fell  9  ft 
below  MLW.  This  circumstance  was  caused  by  a  tropical  cyclone  of  tropical  storm 
intensity  passing  to  the  east  of  Tampa  while  on  a  northward  course,  causing 
offshore  winds  that  forced  much  of  the  water  from  the  bay,  resulting  in  the 
water  level  drop.  The  same  effect  was  observed  when  Hurricane  Betsy  passed  well 
south  of  Tampa  on  a  westward  course  in  1965.  According  to  local  authorities 
"about  a  mile  of  shoreline"  was  exposed  when  Betsy  passed. 
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1921  Oct  25* 

Tide  10.5'**  highest  since  1848 

1935  Sep  2-4 

Tide  5.3'  above  MLW 

1944  Oct  18-19 

Tide  3.1'  above  MLW 

1945  Jun  24 

Tide  5.2'  above  MLW 

1950  Sep  3-6 

Tide  6.5’  above  MLW 

1966  Jun  8-9 

Tide  4.5'** 

1972  Jun  18-19 

Tide  5.6'  above  MSL 
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Wind  records  during  the  passage  of  Betsy  show  that  the  Tampa  Bay  region 
experienced  winds  in  the  20  to  30  kt  range  with  gusts  about  10  kt  higher.  The 
winds  had  a  strong  offshore  component  for  about  72  hours  --  a  duration  factor 
that  contributed  heavily  to  the  water  level  drop. 

An  excellent  example  of  the  susceptibility  of  Tampa  Bay  to  water  level 
rises  occurred  on  June  18,  1982,  when  a  small,  subtropical  low  pressure  center 
moved  northward  along  the  west  coast  of  the  Florida  Peninsula.  Tampa  Airport 
(location  #1  on  Figure  X I V  - 1 )  recorded  gusts  to  39  kt,  while  maximum  sustained 
winds  observed  along  the  coast  were  near  minimal  gale  velocity.  Despite  these 
relatively  low  wind  velocities,  water  rises  of  4  to  5  ft  were  recorded  in  Tampa 
Bay.  Local  authorities  express  the  opinion  that,  if  the  wind  had  not  ceased  an 
hour  before  the  time  of  high  astronomical  tide,  the  water  rise  would  have  been 
h i gher . 

Recent  advances  in  storm  surge  prediction  techniques  have  led  to  the 
development  of  an  improved  storm  surge  forecasting  tool.  Developed  by  the 
National  Oceanic  and  Atmospheric  Administration's  (NOAA)  National  Weather 
Service,  it  is  called  SLOSH  and  estimates  the  Sea,  Lake,  and  Overland  Surges 
from  Hurricanes  ( Je 1 esn i ansk i  and  Chen,  1979  and  Tampa  Bay  Regional  Planning 
Council,  1981).  Tampa  Bay  values  were  computed  for  3600  grid  points  on  a 
"telescoping"  polar  grid  system.  The  level  of  resolution  varies  from  one  grid 
square  representing  approximately  1.6  square  miles  on  the  coast  to  0.6  square 
miles  inland.  Several  storm  tracks  were  evaluated,  comprising  4  directions  of 
travel  with  3  to  8  parallel  tracks  for  each  direction.  Five  storm  intensities 
were  used,  each  corresponding  to  a  category  on  the  "Saf f i r /S lm pson  Scale,"  which 
was  developed  by  Herbert  Saffir  and  Or.  Robert  H.  Simpson.  Table  X I V - 5  outlines 
the  Saf f i r/S impson  scale. 


Table  XIV-5.  Saf f i r /Simpson  scale. 


Centra  1 

Pressure 

Wind 

Scale 

Number 

Mill  ibars 

Inches 

MPH 

Knots 

Damaqe 

1 

>  980 

>  28.94 

74-95 

64-83 

Minimal 

2 

965-979 

28.50-28.91 

96-110 

84-95 

Moderate 

3 

945-964 

27.91-28.47 

111-130 

96-113 

Extensive 

4 

920-944 

27.17-27.88 

131-155 

114-135 

Extreme 

5 

-  920 

-27.17 

155  + 

135+ 

Catastroph i c 
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Data  printouts  for  several  computer  runs  of  the  SLOSH  model  were  reviewed, 
and  surge  height  calculations  for  11  selected  points  in  Tampa  Bay  were  extracted 
for  18  storm  tracks.  These  values  are  given  in  Table  XIV-6.  Saff ir/Simpson 
categories  1,  3  and  5  are  given  where  available,  otherwise  only  category  3  is 
given.  Figure  X I V - 1 5  depicts  specific  storm  tracks  used  for  the  SLOSH  model 
calculations  while  Figure  X I V  - 1 6  shows  each  of  the  selected  locations  for  which 
data  was  extracted. 

A  review  of  the  values  given  in  Table  XIV-6  reveals  that  the  surge  heights 
for  locations  in  the  upper  reaches  of  Tampa  Bay,  especially  in  the  main  port 
area  in  Hillsborough  Bay,  are  significantly  higher  than  those  near  the  mouth  of 
the  bay.  The  highest  water  levels  would  result  from  category  5  storms  moving 
inland  just  north  of  the  main  portion  of  Tampa  Bay  --  tracks  LST,  LTC  and  LCL. 

Water  levels  resulting  from  what  is  essentially  a  "worst  case"  storm  (such 
as  a  category  5  storm  following  track  LTC),  would  inundate  all  of  the  Interbay 
Peninsula  (Figure  XIV-16),  Davis  Islands,  Seddon  Island,  Hookers  Point  (Figure 
X I V - 2 ) ,  and  the  land  area  around  greater  Tampa  Bay  to  a  distance  of  as  much  as  4 
miles  inland  in  some  areas. 

Also  of  significance  is  the  effect  that  westward  tracking  storms  such  as 
ET  or  EN  would  have  on  water  levels.  In  both  cases,  a  category  3  storm 
would  cause  water  rises  of  near  10  ft  in  Hillsborough  Bay,  which  would  inundate 
Davis  Islands,  Seddon  Island,  Hookers  Point  and  about  50  percent  of  the  Interbay 
Peninsula,  including  most  of  MacDill  AFB. 

Astronomical  tides  in  Tampa  Bay  are  semi-diurnal  with  a  range  of  about 
2.3  ft.  According  to  U.S.  Coast  Pilot  5,  1980  published  by  the  U.S.  Department 
of  Commerce,  "A  strong  offshore  wind  sometimes  lowers  the  water  surface  at  Tampa 
and  in  the  dredged  channels  as  much  as  4  ft,  and  retards  the  time  of  high  water 
by  as  much  as  3  hours.  A  continued  SW  wind  raises  the  water  by  nearly  the  same 
amount  and  advances  the  time  of  high  water  by  as  much  as  1  hour." 

Tidal  currents  of  3  kt  or  more  at  the  strength  of  the  greater  ebb  of  the 
day  may  occur  in  Egmont  Channel,  Passage  Key  Inlet,  and  off  Port  Tampa,  but 
flood  velocities  seldom  exceed  2  kt.  The  tidal  currents  are  greatly  affected  by 
winds.  A  clockwise  rotary  tidal  current  with  considerable  daily  variation  is 
observed  6.7  miles  west  of  Egmont  Key  Light  (U.S.  Department  of  Commerce,  1980). 
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1-SLOSH  values  are  estimated  to  be  within  plus  or  minus  15%  of  observed 
water  levels.  Values  do  not  consider  wave  set-up,  rainfall,  or  astronomical 
tidal  effects  (Tampa  Bay  Regional  Planning  Council,  1981)* 

O 

‘Track  codes  are  keyed  to  Figure  X I V - 1 5 * 

^Location  numbers  correspond  to  locations  listed  below  and  are  keyed  to 
F  igure  X I V - 1 6 . 

1  Port  of  St.  Petersburg;  2  Safety  Harbor  (Upper  Old  Tampa  Bay);  3  Port  Tampa; 
4  Upper  Hillsborough  Bay;  5  McKay  Bay;  6  Alafia  River;  7  Little  Manatee 
River;  8  Port  Manatee;  9-11  Anchorages 
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4.  THE  DECISION  TO  EVADE  OR  REMAIN  IN  PORT 

Instructions  for  hurricane  preparedness  at  the  U.S.  Naval  Reserve  Center  at 
Tampa  are  addressed  in  COMSEABASW INGSLANT  COMNA VBASE  JAX  OPORD  2000.  MacDill 
AFB  is  governed  by  MacDill  OPLAN  355.1.  The  Tampa  Port  Authority  promulgates 
its  Hurricane  Preparedness  Plan  as  Section  14  of  the  Port  of  Tampa  Operations 
Manual . 

4.1  THREAT  ASSESSMENT 

A  review  of  the  tropical  cyclone  threat  analysis  presented  in  Section  3  of 
this  evaluation  indicates  that  Tampa  Bay  is  at  considerable  risk  to  damage 
resulting  primarily  from  tropical  cyclone  storm  surge,  but  also  from  high  wind. 
The  absence  of  sheltered  berths  or  anchorages  makes  evasion  at  sea  the  safest 
course  of  action  for  all  seaworthy  deep-draft  vessels  as  soon  as  it  can  be 
established  that  a  particular  tropical  cyclone  poses  a  threat  to  Tampa  Bay. 

Early  assessment  of  each  potential  threat  is  essential,  and  should  be  related  to 
the  setting  of  hurricane  conditions  of  readiness  by  military  and  civil  authori¬ 
ties,  and  conducted  using  current  advisories  and  forecasts  issued  by  the  Navy 
and  National  Weather  Service,  as  well  as  climatology  as  presented  herein. 

As  can  be  seen  in  Figures  X I V  -  6  through  XIV-11  and  Figure  XIV-14,  the 
greatest  threats  to  Tampa  are  posed  by  tropical  cyclones  moving  northward  out  of 
the  western  Caribbean  Sea,  or  westward  out  of  the  Atlantic  Ocean  just  north  of 
the  Greater  Antilles,  and  which  approach  Tampa  from  the  southeast,  south,  or 
southwest.  A  greater  threat  of  storm  surge  occurs  when  a  tropical  cyclone 
approaches  Tampa  from  the  southwest  quadrant,  and  makes  landfall  within  100 
miles  north  of  Tampa  Bay.  A  storm  making  landfall  south  of  Tampa  Bay  such  that 
strong  winds  with  a  significant  offshore  component  would  cross  Tampa  Bay  would 
be  expected  to  cause  a  significant  lowering  of  the  Tampa  Bay  water  level. 

The  individual  storm  intensity  and  speed  of  movement  will  affect  the  extent 
of  damage  which  can  be  expected  from  any  given  storm.  As  a  general  rule,  any 
intense  tropical  storm  or  hurricane  approaching  from  the  Gulf  of  Mexico  such 
that  Tampa  is  located  in  the  dangerous  right  front  quadrant  of  the  storm  can 
result  in  severe  wind  and  storm  surge  conditions.  It  must  be  remembered, 
however,  that  Tampa  is  vulnerable  to  storms  from  the  east  as  well  as  the  west, 
and  a  westerly  moving  storm  crossing  the  Florida  Peninsula  can  cause  significant 
damage  in  the  Tampa  vicinity.  The  months  of  maximum  threat  in  terms  of 
frequency  are  September  and  October.  Of  those  storms  causing  sustained  winds  of 
34  kt  or  greater  to  be  recorded  in  the  Tampa  area  (Figure  XIV-11),  sixty-seven 
percent  (8  of  12)  occurred  in  September  or  October;  but  the  4  storms  that  caused 
sustained  winds  of  50  kt  or  greater  occurred  in  the  separate  months  of  June, 
August,  September  and  October. 
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4.2  EVASION  AT  SEA 

Evasion  at  sea  is  the  recommended  course  of  action  for  all  seaworthy  deep- 
draft  vessels  when  Tampa  is  under  threat  from  an  intense  tropical  storm  (48  kt 
or  greater)  or  hurricane  (64  kt  or  greater)  approaching  from  the  Gulf  of  Mexico 
and  forecast  to  make  landfall  within  100  n  mi  of  Tampa,  or  threatened  by  a 
hurricane  approaching  the  Tampa  area  from  the  south  or  southeast  across  the 
Florida  Peninsula.  Timing  of  the  decision  to  evade  is  affected  by: 

(1)  The  forward  speed  of  the  tropical  cyclone. 

(2)  The  radius  of  hazardous  winds  and  seas  that  can  impact  on  a  vessel's 
capability  to  reach  open  water  and  then  maneuver  to  evade. 

(3)  The  elapsed  time  to  make  preparation  to  get  underway. 

(4)  The  elapsed  time  to  reach  open  water. 

For  ex  am  pie: 

A  worst  case  situation  would  be  an  intense  tropical  cyclone  moving 
toward  Tampa  Bay  from  the  southwest  (similar  to  track  LTC  in  Figure 
XIV-15).  Assume  6  hours  are  required  to  make  preparations  to  get 
underway  after  the  decision  to  evade  at  sea  is  made.  Approximately  3 
to  4  hours  are  required  to  transit  the  channels  leading  to  the  open 
sea.  A  tropical  cyclone  approaching  at  an  average  speed  of  10  kt  will 
have  moved  100  miles  closer  to  Tampa  Bay  by  the  time  sea  room  is 
attained.  Add  to  this  the  radius  from  the  tropical  cyclone  center  of 
strong  winds  likely  to  hamper  port  operations,  say  200  n  mi.  Summing 
these  values  gives  300  miles  (200  +100)  or  30  hours  as  the  minimum 
tropical  cyclone  displacement  from  Tampa  in  distance  or  time  when  the 
decision  must  be  made  to  evade  at  sea  successfully.  A  greater  margin 
may  be  applicable  depending  on  greater  cyclone  speed  and  intensity, 
and  ship  speed  capability. 

Hurricane  Condition  III  is  set  when  hurricane  force  winds  are  possible 
within  48  hours.  It  is  apparent  that  the  decision  to  prepare  for  sortie  should 
be  made  soon  after  setting  Hurricane  Condition  III.  Although  at  this  time  the 
storm  center  may  be  more  than  500  miles  distant,  it  should  be  remembered  that 
the  average  tropical  cyclone  forecast  error  over  a  48-hour  period  is  on  the 
order  of  210  n  mi  for  those  tropical  cyclones  threatening  Tampa  (Neumann  and 
Pelissier,  1981).  Departures  coincident  with  the  setting  of  Condition  III  are 
considered  to  be  the  wise  and  safest  course  of  action.  Later  departures  than 
this  wager  the  accuracy  of  information  on  the  storm's  behavior  against  mounting 
risks  of  heavy  weather  damage.  It  is  pertinent  to  note  that  the  U.S.  Coast 
Guard  advises  that  all  ships  in  good  condition  should  put  to  sea  upon  the 
setting  of  Hurricane  Condition  III. 
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Once  sea  room  is  attained  upon  departure  from  Tampa,  the  tactics  employed 
will  depend  on  the  location  of  the  threatening  tropical  cyclone,  its  speed  of 
advance,  and  its  direction  of  movement.  Up-to-date  information  is  essential  if 
sound  decisions  are  to  be  made.  Tropical  cyclone  location  and  intensity 
information  with  today's  satellite  technology  is  accurate  and  timely.  Forecasts 
and  warnings  are  issued  at  6-hourly  intervals  and  updated  as  necessary  to 
reflect  important  changes  in  position,  intensity,  and  movement. 

Ship  masters  with  access  to  these  adv i sor i es/warm ngs  are  in  the  best 
possible  position  to  modify  evasion  routes  and  tactics  to  successfully  evade  the 
storm.  The  cardinal  rule  of  seamanship  is  to  avoid  the  dangerous  right-hand 
semicircle.  The  following  guidelines  are  offered. 

(1)  For  tropical  cyclones  approaching  from  the  west  or  northwest:  After 
an  early  departure  to  escape  worst  effects  of  head  winds  and  seas,  steam  south 
or  southeast  along  the  coast  until  clear  of  the  storm. 

(2)  For  tropical  cyclones  approaching  from  the  south  or  southwest: 

Tropical  cyclones  approaching  from  these  directions  pose  the  most  perplexing  of 
evasion  problems  due  to  the  possibility  of  storm  track  changes  to  the  west  or 
northwest.  If  a  vessel  were  capable  of  making  a  reasonable  SOA,  say  15  kt,  and 
could  depart  sufficiently  early  so  as  to  take  advantage  of  following  winds  and 
seas,  yet  avoid  the  hazardous  conditions  close  to  the  main  portion  of  the  storm, 
one  option  would  be  to  steam  west  or  northwest.  Once  sufficient  maneuvering 
room  was  attained  clear  of  the  storm,  a  course  change  to  the  south  or  southwest 
may  then  be  made  to  bring  the  vessel  to  a  latitude  south  of  the  storm  center. 
Short  of  this  course  of  action,  few  options  remain.  In  no  case  should  a  vessel 
be  placed  in  the  position  of  being  "trapped"  between  a  tropical  cyclone  and  the 
Florida  coastline  north  of  Tampa.  Ah  evasion  route  may  have  to  be  altered  based 
on  unexpected  changes  in  cyclone  movement.  Evasion  tactics  must  be  based  on  the 
latest  tropical  cyclone  forecast  position  and  movement. 

(3)  For  tropical  cyclones  approaching  from  the  east  or  southeast  (across 
the  Florida  Peninsula):  Steam  west-southwestward  until  sufficient  maneuvering 
room  is  attained,  tnen  southward  until  reaching  a  latitude  south  of  the  storm 
center . 

4.3  RETURNING  TO  PORT 

The  damage  and  disarray  at  a  port  resulting  from  a  tropical  cyclone  strike 
may  include  navigation  hazards  such  as  displaced  channel  markers,  wrecks  in  the 
channel,  or  channel  depths  that  no  longer  meet  project  specifications.  Harbor 
facilities  may  be  so  damaged  as  to  preclude  offering  even  minimal  services. 

Check  with  the  Port  Authority  before  ttemptir'  to  return. 
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4.4  ASSUMING  A  "WAIT  AND  SEE"  POSTURE  AT  ANCHOR 

A  marginal  threat  may  dictate  a  "wait  and  see"  posture  as  a  reasonable 
course  of  action  to  follow.  A  marginal  threat  situation  would  include  those 
situations  where  an  intense  tropical  storm  or  hurricane  is  a  considerable 
distance  away  from  Tampa  and  not  likely  to  cause  severe  conditions  at  Tampa 
within  48  hours  (a  pre-Condition  III  situation  but  still  potentially 
threatening),  or  situations  where  the  storm  is  meandering  with  no  established 
direction  of  movement.  As  was  mentioned  in  Section  2.2,  the  Tampa  Anchorages 
located  north  and  south  of  the  Tampa  Safety  Fairway  leading  to  Egmont  Key  can  be 
used  to  ride  out  any  gale  short  of  a  hurricane.  Leaving  the  pier  for  anchorage 
to  await  later  developments  in  storm  intensity  and/or  movement  offers  the 
advantage  of  decreasing  the  time  required  to  reach  open  sea  should  evasion  at 
sea  become  necessary. 

4.5  REMAINING  AT  TAMPA 

Remaining  in  port  at  Tampa  is  an  option  that  should  receive  serious 
consideration  in  secondary  threat  situations  or  in  those  instances  when  a  vessel 
is  incapable  of  successful  evasion  at  sea.  Secondary  threat  situations  include: 

(1)  A  tropical  cyclone  developing  within  the  180  n  mi  radius  critical 

area . 

(2)  A  weak  tropical  cyclone  (maximum  winds  less  than  48  kt)  approaching 
Tampa  and  forecast  not  to  intensify. 

(3)  A  tropical  cyclone  with  winds  greater  than  47  kt  forecast  to  pass  more 
than  100  miles  from  Tampa  and  the  forecast  50  kt  wind  radius  does  not  encompass 

T  am  p  a . 

If  the  decision  is  to  remain  in  port  at  Tampa,  the  following  recommendation 
are  offered: 

(1)  Since  SLOSH  storm  surge  calculations  (Table  X I V - 6 )  show  that  Port 
Manatee  has  significantly  lower  storm  surge  heights  than  those  calculated  for 
the  main  Port  of  Tampa  facility  in  upper  Hillsborough  Bay,  and  the  facilities  at 
Port  Manatee  are  of  new  construction,  Port  Manatee  would  be  the  preferred  port 
facility  in  which  to  ride  out  a  tropical  cyclone  at  Tampa.  Local  port  officials 
indicate  that  many  shallow  draft  vessels  that  cannot  put  to  sea,  such  as  dredges 
and  barges  that  work  in  Tampa  Bay,  usually  use  Port  Manatee  during  tropical 
cyclone  threat  situations.  For  this  reason,  dock  space  may  be  limited,  and 
early  arrangements  for  accommodations  are  desirable. 

(2)  If  space  at  Port  Manatee  is  not  available  or  it  is  not  feasible  to  use 
Port  Manatee  for  other  reasons,  utilization  of  the  main  Port  of  Tampa  facility 
in  upper  Hillsborough  Bay  is  suggested. 
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Little  protector  ;  i  o  in  wind  is  offered  in  either  of  tne  above  situations. 

It  is  r  » p  „ .  n  ,11  ended  that  in  each  case,  vessels  be  ballasted  down  as  much  as 
possible,  and  secured  to  the  dock  with  sufficient  lines  to  withstand  predicted 
wind  forces,  yet  allow  water  height  fluctuations  of  the  predicted  amounts. 

Should  a  master  choose  to  remain  in  port  it  should  be  borne  in  mind  that 
his  vessel  will  be  exposed  to  dangers  beyond  that  of  wind  and  storm  surge. 

Other  vessels  may  be  broken  loose  from  their  moorings,  and  become  floating 
hazards.  Also,  the  danger  is  ever  present  that  a  damaged  or  sunken  vessel  could 
effectively  block  the  narrow  ship  channels  in  the  bay,  thereby  trapping  shipping 
in  the  port  for  some  time  after  a  storm  has  passed. 

5.  ADVICE  TO  SHALLOW  DRAFT  VESSELS 

Shallow  draft  vessels  should,  if  feasible,  be  removed  from  the  w  a  t  e r  and 
firmly  secured  ashore  at  an  elevation  of  at  least  20  ft  (30  ft  if  the  storm  is 
posing  a  "worst  case"  threat)  to  avoid  possible  high  water.  Short  of  this,  s m a  1 
craft  should  seek  shelter  in  the  Hillsborough  River,  Alafia  River,  or  Little 
Manatee  River. 

Table  X I V  -  7  lists  channel  depths  and  bridge  data  for  the  lower  reaches  of 
the  rivers.  If  a  drawbridge  clearance  is  indicated,  that  clearance  will  most 
lixely  prevail  in  a  storm  threat  situation,  as  draw  bridges  are  left  in  the  down 
position  to  facilitate  evacuation  of  area  residents. 

Table  XIV -7.  River  channel  and  bridge  data  for  the  Hillsborough,  Alafia 
and  Little  Manatee  Rivers  (U.S.  Department  of  Commerce,  1980). 


River 

Controlling 

Bridge 

Depth 

C 1 earance 

Miles  Above  Bay 

Hill sborough 

4.5  ft1 

40  ft 

0.1 

35  ft 

3.2 

10  ft2 

4.3 

7  ft2 

6.0 

Alafia 

3.0  ft4 

28  fto 

1.0 

6  ft 

1.1 

Little  Manatee 

3.0  ft 

. “  ft _ 

2.  35 

1  -  Maintained  to  2.5  miles  above  mouth.  Depths  above  2.5  mile 

point  are  not  specified. 

2  -  Draw  bridge 

3  -  Swing  bridge 

4  -  With  local  knowledge  at  high  water 

5  -  Height  of  adjacent  railroad  span  not  specified. 
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Seeking  shelter  at  berths  or  narinas  around  the  periphery  of  Tampa  3ay  is 
not  recommended  because  of  the  potential  for  storm  surge,  and  using  open 
anchorages  in  Tampa  Bay  to  ride  out  a  tropical  cyclone  would  be  extremely 
hazardous.  Virtually  no  protection  is  afforded  except  near  the  lee  shore,  and 
even  tnen  it  is  t,  :  ^  i  in  a  1 .  Wind  wave  activity  can  be  quite  destructive,  not  to 
mention  the  hazards  of  floating  debris  resulting  from  the  effects  of  wind  waves, 
high  water,  and  high  winds. 

The  following  extract  from  'J.S.  Coast  Pilot  5,  Atlantic  Ocean:  Gulf  of 
Mexico,  Puerto  Rico,  and  Virgin  Islands,  as  published  by  the  U.S.  Department  of 
Commerce  in  1930  is  relevant: 

"Hurricane  Moorings.  On  receiving  advisory  notice  of  a  tropical 
disturbance  small  boats  should  seek  shelter  in  a  small  winding  stream 
whose  banks  are  lined  with  trees,  preferably  cedar  or  mangrove.  Moor 
with  bow  and  stern  lines  fastened  to  the  lower  branches;  if  possible 
snug  up  with  good  chafing  gear.  The  knees  of  the  trees  will  act  as 
fenders  and  the  branches  having  more  give  than  the  trunks,  will  ease 
the  shocks  of  the  heavy  gusts.  If  the  banks  are  lined  only  with  small 
trees  or  large  shrubs,  use  clumps  of  them  within  each  hawser  loop. 

Keep  clear  of  any  tall  pines  as  they  generally  have  shallow  roots  and 
are  apt  to  be  blown  down." 

The  ,,rudent  small  boat  operator  will  have  selected  several  potential  havens 
beforehand  in  which  to  take  shelter  in  various  tropical  cyclone  threat 

cuations.  He  will  proceed  to  his  haven  well  in  advance  to  avoid  the  chaos  and 
congestion  endured  by  his  fellow  boaters  who  delay  until  the  onset  of 
destructive  conditions  is  imminent. 
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SUMMARY 


This  study  concludes  that  the  inner  harbor  of  Boston  is 
a  hurricane  haven.  This  conclusion  is  based  on  the 
following  factors : 

(1)  New  England  is  not  in  the  primary  hurricane  belt, 
and  hurricane  force  winds  associated  with  tropical  cyclones 
are  uncommon  in  the  Boston  area. 

(3)  The  terrain  surrounding  the  river-type  harbor 
provides  protection  from  wind  and  wave  action. 

Historically  the  tropical  cyclones  that  have  caused 
widespread  damage  in  the  area  have  tracked  northward  at  high 
speeds  (>30  kt).  The  normal  track  is  northeastward  at  some¬ 
what  lower  speeds.  These  major  threat  events  are  associated 
with  a  particular  circulation  pattern  with  two  key  features: 
a  deep  tropospheric  trough  over  tne  eastern  United  States, 
and  a  much  stronger  than  normal  high  pressure  system  off  the 
east  coast.  This  circulation  pattern  is  not  common  during 
the  peak  hurricane  season  (September). 

The  high  speed  (>30  kt)  northward  movement  of  tropical 
cyclones  under  this  type  of  circulation  pattern  creates  a 
dual  problem  for  vessels  that  sortie.  First,  there  is 
minimum  time  available  to  clear  the  harbor  and  shoal  areas; 
and  second,  the  high  speed  cyclone  is  difficult  to  outrun 
once  at  sea. 

Tropical  cyclones  that  make  landfall  south  of  Long 
Island  and  approach  Boston  Harbor  from  overland  are  not 
considered  a  hazard  to  seagoing  vessels.  Storms  of  this 
type  can  create  flooding  problems. 

The  outer  portions  of  the  harbor  (anchorage  1  and  sea¬ 
ward)  and  the  outer  harbor  anchorage  areas  are  not 
considered  haven  areas.  The  outer  harbor  is  generally 
unprotected  from  winds  and  seas,  particularly  those  from  an 
easterly  direction.  The  anchorage  areas  do  not  have  excep¬ 
tional  holding,  they  are  restricted  in  size,  and  there  are 
numerous  shoals  and  ledges  throughout  the  outer  harbor  area. 


'his  hurricane  haven  evaluation  was  prepared  by 
l.E.  Englebretson  and  J.D.  Jarrell  of  Science 
ipplications,  Inc.  (SAI) ,  Monterey,  CA  93940. 
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2.  THE  HARBOR,  APPROACHES  AND  FACILITIES 

The  harbor  includes  all  the  tidewater  area  lying  within  a  line  from  the 
southern  extremity  of  Deer  Island  to  Point  Allerton,  about  4  n  mi  to  the  south¬ 
eastward  (see  Figure  X V - 2 ) .  Important  tributaries  that  flow  into  and  form  part 
of  the  main  harbor  are  the  Charles,  Chelsea  and  Mystic  Rivers.  The  harbor 
region  extends  to  the  south  of  the  main  harbor  and  Boston  proper,  where  the 
Weymouth  Fore  River  and  Dorchester  and  Hingham  Bays  comprise  the  more  important 
harbor  areas. 

2.1  APPROACHES 

A  buoyed  Traffic  Separation  Scheme  has  been  established  in  the  approach  to 
Boston  Harbor  (see  charts  13270,  13267;  13246,  13260  and  13200).  The  inbound 
and  outbound  traffic  lanes  are  2  n  mi  wide  and  extend  about  125  n  mi  east- 
southeast  to  seaward  from  the  precautionary  area.  The  precautionary  area  has  a 
radius  of  5  n  mi  centered  on  the  Boston  Lighted  Horn  Buoy  B  (42°22'42"N, 
70°47‘00"W),  which  is  about  7.8  n  mi  east-northeastward  of  Deer  Island. 

The  principal  entrance  for  deep-draft  vessels  from  the  precautionary  area 
to  Boston  Harbor  is  via  Boston  North  Channel  to  President  Roads  to  Boston  Main 
Channel  (see  charts  13270  and  13272).  Because  of  the  numerous  islands,  shoals 
and  rocks,  extreme  caution  should  be  used  in  approaching  Boston  Harbor. 

According  to  Coast  Pilot  1,  when  approaching  Boston  from  the  Cape  Cod 
sector,  soundings  of  20  fathoms  or  more  ensure  a  distance  of  5  n  mi  from  the 
shore  and  a  position  well  outside  of  outlying  rocks.  Inside  the  20  fathom 
contour,  the  soundings  are  very  irregular  and  cannot  be  depended  upon  as  a  rule 
to  keep  a  vessel  out  of  danger.  Deep-draft  vessels  should  use  the  Boston 
Traffic  Separation  Scheme  route  for  approaching  Boston  Harbor. 

When  making  an  approach  in  fog,  a  course  should  be  laid  to  clear  the  Boston 
Lighted  Horn  Buoy  B  and  the  water  should  not  be  shoaled  to  less  than  20  fathoms 
until  the  buoy  is  positively  located.  The  Boston  North  Channel,  Boston  South 
Channel,  and  the  Narrows  Channel  are  the  main  entrances  from  the  sea  to 
President  Roads.  Several  other  channels  of  less  importance  are  used  by  local 
vessel s. 

2.2  ANCHORAGES 

General,  explosives,  and  special  anchorages  of  Boston  Harbor  are  shown  on 
chart  13272.  The  most  commonly  used  general-purpose  anchorage  is  on  the  north 
side  of  President  Roads.  The  anchorage  in  Nantasket  Roads,  westward  of  the 
southern  entrance  to  the  Narrows,  has  depths  up  to  50  ft.  The  anchorage  on  the 
westerly  side  of  Georges  Island  provides  some  shelter  from  easterly  winds  and 
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Figure  XV-2.  Boston  Harbor  and  vicinity. 


J 


XV- 4 


BOSTON.  MA 


has  depths  up  to  36  ft.  The  anchorage  area  along  the  northern  side  of  the 
channel  in  the  inner  harbor  is  quite  exposed  to  the  wind  and  would  have  no 
protection  from  debris  during  a  storm. 

2.3  BERTHS  (see  Figure  XV- 3) 

The  Corps  of  Engineers  Port  Series  No.  3  report  for  the  Port  of  Boston 
describes  129  piers,  wharves  and  docks.  Many  of  these  wharves  are  used  for 
multiple  purposes;  the  fuel  and  container  wharves  are  the  principal  special 
purpose  f ac i 1 i t i es . 

Navy  use  of  port  facilities  for  docking  is  usually  restricted  to  the 
following  areas  and  piers: 

(1)  South  Boston:  Economic  Development  and  Industrial  Park  (EDIC)  north 
jetty.  Army  Base  Terminal  and  Commonwealth  pier. 

(2)  Boston:  Coast  Guard  piers. 

(3)  Charlestown:  Navy  Shipyard  piers  1  and  2  and  the  Boston  National 
Hi stor i cal  Park . 

2.3.1  Economic  Development  and  Industrial  Park  (EDIC). 

The  EDIC  jetties  are  located  on  the  south  side  of  the  inner  harbor  entrance, 
across  the  channel  from  Logan  International  Airport.  This  berth  is  used  by 
carriers  and  other  large  ships.  It  is  concrete-capped  with  steel-sheet  pile 
bulkheads  and  is  solid  filled.  The  alongside  depth  is  40  ft  and  the  deck  height 
is  18  ft,  both  measurements  relative  to  mean  low  water  (MLW).  It  is  bordered  by 
an  open  apron  inboard  and  the  channel  outboard. 

2.3.2  Army  Base  Terminal 

The  Army  Base  berths  are  in  the  Reserved  Channel,  whose  entrance  is  located 
immediately  outside  the  EDIC  jetty  in  South  Boston.  They  are  constructed  from 
concrete,  faced  with  steel  piling  and  solid  filled.  The  alongside  depths  are 
35  ft  and  deck  heights  are  17.8  ft  relative  to  MLW.  They  are  bordered  by  appro¬ 
ximately  50-ft  aprons  and  storage  warehouses. 

2.3.3  Commonwealth  South  Boston  Pier  No.  5 

This  pier  is  in  South  Boston  about  4000  ft  above  the  EDIC  jetty.  Both  the 
northern  and  southern  sides  are  available  for  berthing.  It  is  constructed  of 
concrete  with  solid  fill  and  steel  pile  face;  concrete-decked  extensions  run 
along  sides  and  face.  This  berth  is  frequently  used  by  visiting  Navy  ships. 

The  alongside  depths  are  40  ft,  with  18  ft  deck  heights  relative  to  MLW.  A  two- 
story  steel-frame  rei nforced-concrete  warehouse  sits  astride  the  pier.  Apron 
width  is  20  ft.  Both  sides  have  alongside  lengths  of  1200  ft  and  can  handle 
I  arge  shi ps. 
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a  -  Army  Base  Terminal  (EDIC  Jetty) 
b  -  Coast  Guard  piers 
c  -  Commonwealth  Pier 
d  -  Navy  Shipyard 
e  -  Moran  Docks 
f  -  LNG  Terminal 


g  -  Hess  Oil  Co . 
h  -  Amoco  Oil  Co . 
i  -  Texaco  Oil  Co. 
j  -  Gibbs  Co. 
k  -  Belcher,  Inc. 

1  -  Bethlehem  Steel 


J 
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2.3.4  U.S.  Coast  Guard  Support  Center 

The  USCG  Support  Center  is  in  Boston  proper  about  a  mile  above  the 
Commonwealth  pier  on  the  west  bank  of  the  inner  harbor.  There  are  five  steel- 
piled,  concrete-decked  piers  suitable  for  small  te  medium  ships.  Alongside 
depths  range  from  20  to  35  ft,  with  a  16-ft  deck  height  relative  to  MLW.  The 
piers  are  bordered  by  open  aprons.  Alongside  lengths  range  from  260  to  550  ft. 

2.3.5  Boston  National  Historical  Park  (Boston  Navy  Shipyard) 

The  Boston  National  Historical  Park  piers  are  located  on  the  north  side  of 
the  confluence  of  the  Charles  River  with  the  inner  harbor  in  Charlestown  about 
1600  ft  above  the  Coast  Guard  Center.  They  are  steel-piled,  concrete-decked 
piers  bordered  by  open  aprons.  Alongside  lengths  are  less  than  400  ft,  which 
limits  use  of  this  area  to  frigate  class  or  smaller  ships. 

2.3.6  Other  Berthing 

There  are  more  than  100  other  berths  available  throughout  the  Boston 
Harbor.  The  majority  are  located  above  the  piers  normally  used  by  Navy  ships. 
The  main  container  wharf  is  the  Morin  Docks  on  the  west  bank  of  the  Mystic 
River,  just  beyond  the  area  of  confluence  of  the  Chelsea  and  Mystic  Rivers.  The 
LNG  terminal  is  on  the  opposite  bank  (east  side)  of  the  Mystic  River  just 
upstream  of  the  container  wharf.  Other  well  constructed  berths  in  the  Mystic 
River  include  Distrigas,  Exxon,  Prolerized  Scrap,  Amstar  Sugar,  Revere  Sugar, 
and  Atlantic  Cement.  Several  well  constructed  tanker  wharves  are  located  along 
the  north  bank  of  the  Chelsea  River  (Hess  Oil,  Amoco  Oil,  Gulf  Oil,  and  Texaco). 

There  are  also  three  finger  piers  used  for  receipt  of  petroleum  products 
located  near  the  turning  basin  in  the  upper  Chelsea  River  (Gubb  Co.  and  Belcher, 
Inc.)  which  are  not  considered  suitable  during  high  winds.  Both  the 
Massachusetts  Port  Authority  piers  and  Bethlehem  Steel  Corporation  pier  1  are 
located  in  East  Boston  near  the  outer  portion  of  the  inner  harbor.  These  piers 
are  adjacent  to  the  airport,  across  the  channel  from  the  Commonwealth  pier  site. 
All  of  the  above  mentioned  piers,  except  for  the  three  finger  piers  in  the  upper 
Chelsea  River,  are  well  constructed. 

3.  HEAVY  WEATHER  FACILITIES  AND  HURRICANE  ANCHORAGES 

3.1  HURRICANE  PLANS  AND  PREPARATION 

SOPA  will  direct  action  to  be  taken  by  ships  present  during  heavy  weather 
preparati ons.  The  Commanding  Officer,  NAS,  South  Weymouth  is  assigned  as  Third 
Area  Weather  Coordinator  by  COMNAV BASEPH I L 1 NST  3140.1. 
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3.2  TUG  AVA'LAbILITY 

There  are  two  tug  companies  servicing  the  Boston  Harbor.  boston  Tow  boat 
Company  and  Boston  Fuel  Transportat i on ,  Inc.  each  have  six  tugs.  These  12  tugs 
are  adequate  for  normal  operations,  but  could  be  hard-pressed  during  heavy 
weather  conditions. 

3.3  HURRICANE  BERTHING  (see  Figure  XV-3  for  locations) 

All  of  the  berths  normally  used  by  the  Navy  are  considered  suitable  for  use 
during  a  hurricane  except  the  EDIT  jetty  berth.  This  berth  is  very  exposed 
with  little  or  no  protection  from  winds  or  wave  action.  The  open  spaces  of  the 
airport  to  the  north,  and  outer  harbor  and  bay  to  the  east  and  south,  provide 
very  limited  protection  from  the  wind.  The  berth  is  totally  exposed  to  the  wave 
action  in  the  channel  which  opens  to  the  east. 

In  general  all  substanti al ly  constructed  berths  above  the  Coast  Guard 
Center  are  considered  suitable  as  hurricane  berths  because  of  the  protection 
from  winds  provided  by  the  surrounding  terrain  and  the  protection  from  high  seas 
provided  by  the  configuration  of  a  river  type  harbor.  However,  finger  piers  and 
weakly  constructed  wooden  piers  are  not  considered  suitable  berths  during  any 
high  wind  si tuati on  . 

In  addition  to  the  general  construction  of  a  berth,  the  height  of  the  pier 
and  allowable  scope  of  lines  should  be  considered  in  judging  the  suitability  of 
a  berth  for  use  in  high  wind  situations. 

3.4  HURRICANE  ANCHORAGES 

There  are  no  designated  hurricane  anchorages  in  the  Boston  Harbor.  Among 
the  general  anchorages,  only  the  area  west  of  Georges  Island  (Anchorage  5) 
provides  protection  from  the  easterly  winds.  However,  the  approaches  are  narrow 
and  there  are  numerous  ledges  and  shoals  in  the  area.  In  addition  the  bottom  is 
generally  covered  with  boulders  which  provide  uncertain  holding.  The  best  area 
♦  „  use  for  anchorage  during  hurricanes  is  well  to  the  southeast  of  Boston  in 
Cape  Cod  Bay  inside  the  hook  of  Cape  Cod  (Figure  X V - 1 ) .  This  area  is  about  40  n 
mi  from  Boston  Harbor  and  has  been  used  by  Coast  Guard  and  local  pilots  to  ride 
out  storms.  The  usual  problems  related  to  vessels  dragging  anchor  and  to 
congested  traffic  must  be  anticipated. 
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4.  TROPICAL  CYCLONES  AFFECTING  BOSTON 

New  tngland  is  not  considered  to  be  in  the  primary  nurricane  belt;  however, 
some  of  the  most  destructive  hurricanes  of  record  have  occurred  there.  Dunn  and 
Miller  *1964)  noted  eight  intense  New  England  storms  which  occurred  in  16jo, 
1638,  1815,  1938,  1944,  1954  (two)  and  1955  that  are  related  to  tropical 
cyclones.  In  general,  tides  and  flooding  are  of  greater  concern  than  wind. 

During  the  period  of  1815  to  1938  no  really  extreme  tropical  cyclones 
affected  the  New  England  area.  The  1938  tropical  cyclone,  however,  is  note¬ 
worthy  for  several  reasons.  It  can  be  considered  a  typical  tape  Verde  storm. 
After  moving  across  the  entire  subtropical  north  Atlantic,  it  recurved  about 
300  n  mi  east  of  southern  Florida  and  accelerated  northward  in  the  southerly 
flow  in  advance  of  a  strong  miolatitude  trough.  The  1938  storm  produced  wide¬ 
spread  damage  throughout  New  England.  Five  minute  average  winds  of  64  kt  (and 
one  minute  average  of  76  kt)  were  recorded  at  Boston  during  the  passage. 

The  atmospheric  and  synoptic  conditions  favorable  for  a  major  hurricane  to 
strike  New  England  have  been  described  by  Dunn  and  Miller  (1964;.  Such  a 
tropical  cyclone  typically  develops  southeast  of  the  Antilles,  gradually 
recurves  towards  the  vicinity  of  *,ape  Flatteras,  and  then  accelerates  very 
rabidly  toward  New  England.  The  conditions  that  will  support  this  type  of  event 
a .  e  : 

(1)  A  strong  east/west  atmospheric  steering  current  over  the  tropical,/' 
subtropical  North  Atlantic. 

(2)  Moist  tropical  air  that  has  been  advected  poleward  over  the  western 
Atlantic  providing  an  extended  region  of  atmosphere  favorable  for  maintaining  a 
tropical  circulation. 

(3)  The  tropical  cyclone  does  not  make  landfall  until  it  reaches  the 
northern  U.S.  east  coast. 

(4)  A  well  developed  and  intensifying  large  amplitude,  long-wave  trough  is 
located  over  the  east  central  United  States. 

Under  the  above  synoptic  conditions  the  tropical  cyclone  moves  at  speeds 
slightly  above  normal  across  the  tropical  Atlantic,  feeding  on  the  abundant 
moist  tropical  air;  recurves  northward  prior  to  landfall  while  remaining  in  a 
moist  warm  environment;  and  then  accelerates  rapidly  north  to  northwestward  in 
the  southerly  flow  in  advance  of  the  mid.atitude  large  scale  trough. 

4.1  CLIMATOLOGY 

For  the  purposes  of  this  study,  any  tropical  cyclone  that  approached  within 
180  n  mi  of  Boston  is  considered  a  threat.  It  is  recognized  that  a  few  tropical 
cyclones  that  did  not  approach  within  180  n  mi  may  have  affected  Boston  in  some 
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way,  so  to  some  extent  this  criterion  is  arbitrary.  Track  information  on 
Atlantic  tropica!  cyclones  is  avail  able  as  far  back  as  1871-  However,  center 
wind  information  is  not  available  for  storms  prior  to  1386.  The  seasonal 
distribution  of  tropical  cyclones  given  in  Figure  XV- 4  is  based  on  94  years  of 
data,  1886-1979.  Data  for  trie  period  18/1-19/9  '1  19  years)  were  used  for  all 
other  climatological  figures. 

A  1 t  h  0  u  y  h  t  r  0  p 1  a  1  cyclones  nave  occurreo  in  the  North  Atlantic  during  all 
months  of  the  year,  all  tropical  cyclones  that  have  threatened  Boston  occurred 
from  June  through  November  except  for  a  single  February  threat  in  1962  ,  F  •  y  u  r  e 
XV -4  .  f  the  6  3  tropical  cyclones  that  threatened  boston  in  this  94-year 
period,  1  c  3  i%,  occur' red  in  the  months  of  August  tn  rough  October  with  the  peak 
threat  in  September.  T  h  e  occurrence  or  tropi  cal  cyclones  of  hurricane  intensity 
winds  _roJ  ►  *  w  h  -  n  within  \  •>  u  n  m  1  of  Boston';  n  a  s  a  marked  peak  during  A  u  g  u  s  t 
ani  ,  eptete’  w  "  t  n  V  i  out  of  30  or  •’  ’  4  occurring  during  those  months  138c- 19  "9  .. 
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that  most  recurving  storms  must  ei.ner  make  a  landfall  first  south  of  Matt  eras 
or  pass  New  F n gland  well  offshore  to  tne  southeast.  I  he  majority  of  storms  pass 
over  water  well  to  the  southeast  of  Boston,  tending  to  follow  the  path  of  the 
oceanic  Gulf  Stream,  and  are  of  little  threat  to  New  tnyland. 

ilccas 1 ona i 1 y ,  however,  storms  are  accelerated  on  a  more  northerly  track 
instead  of  the  typical  recurvature  to  the  northeast.  An  example  would  be  the 
disastrous  1938  hurricane  which  advanced  rapidly  up  tne  east  coast  offshore, 
passed  riatteras,  moved  over  central  long  Island,  and  then  moved  over  New  Flaven, 
Connecticut,  and  tne  nee  north- northwest  into  Vermont.  Ihus,  instead  of  passing 
New  tn gland  offshore,  the  hurricane  accelerated  north wa'd  at  an  average  rate  of 
advance  of  6d  1:.  ph  :s2  kt  ,  leaving  llatt  eras  at  about  . :  3  0  AM  1..  ‘  on  21  September 
and  (••acning  Conner*  r  •,  t  ••  •  about  4  :(Ht  I'M  in  the  same  day.  Such  0  ''ate  of 
advance  would  be  .1  1  1  t  1  ■  to  handle  fo>  storm  pre  pa  1  a  1 1  0  n  s  even  with  today's 

more  soph'  ,  t  o  a'ed  wanning  me* hods. 
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Figure  X V - 4 .  Seasonal  distribution 
of  tropical  cyclones  passing 
within  180  n  mi  of  Boston, 
February-November  (based  on  data 
from  1886-1979).  Monthly  totals 
shown  above  each  column;  numbers 
of  threats  of  hurricane  intensity 
snown  by  hatched  areas. 


Figure  XV- 5.  Directions  of 

approach  of  tropical  cyclones 
that  passed  within  180  n  mi 
of  Boston  during  the  period 
1871-1979.  Numbers  of  storms 
approaching  from  each  octant 
are  circled;  percentage 
figures  are  percent  of  total 
sample  approaching  from  that 
octant. 
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Figure  XV-6  illustrates  the  very  rapid  approach  of  four  such  exceptional 
hurricanes  which  caused  destruction  in  the  New  England  region.  With  today's 
advances  in  meteorology,  it  is  possible  to  identify  those  circumstances  that  led 
to  the  rapid  acceleration  of  tropical  cyclones  toward  the  north,  although  rarely 
would  a  t>0  mph  speed  of  advance  be  forecast.  Figure  XV-6  shows  that  a  hurricane 
can  be  offshore  between  Jacksonville  and  Cape  Hatteras  before  its  track  begins 
to  indicate  it  is  heading  for  southern  New  Enyland.  The  time  at  this  point, 
where  the  departure  from  a  normal  recurvature  track  takes  place,  can  be  on  the 
order'  of  only  24-36  hours  from  passage  at  Boston. 

Figures  X  V  -  7  through  X  V  -  1 0  are  statistical  summaries  of  threat  probabili¬ 
ties  based  on  tropical  cyclone  tracks  for  the  year's  1871-1979.  The  data  base  is 
presented  seasonally  with  solid  lines  representing  "percent  threat"  for  the 
1 o 0  n  mi  circle  surrounding  Boston.  The  heavy  solid  lines  represent  approximate 
approach  times  to  Boston.  In  Figure  X  V  - 1 0 ,  for  example,  a  tropical  cyclone 
located  near  32“  N,  7  5  °  W  in  September  has  about  a  40  percent  chance  of  passing 
within  180  n  mi  of  'Boston;  and  if  the  speed  remains  close  to  the  climatological 
normal,  it  will  reach  Boston  in  about  two  days. 

On  an  annual  basis  ; Figure  XV- 7)  the  primary  threat  axis  for  Boston  is 
along  the  Last  coast  through  Hatter- as  with  the  axis  splitting  near  South 
Carol  na,  with  higher  probabilities  from  the  Bahamas  and  lesser  probab i I i t i es 
from  the  0 u 1 f  of  Mexico.  Most  threat  storms  pass  to  the  southeast  of  Boston 
just  off  Cape  Cod. 

For  late  ana  early  season  storms,  October  throuyh  June  ^Figure  X V - 8 ) ,  the 
major  threat  axis  is  overland  passing  through  central  Virginia  from  the  Gulf  of 
Mexico.  The  source  region  for  most  of  these  threat  storms  is  the  western 
Caribbean  and  the  Gulf  of  Mexico.  During  the  period  1888-1979,  only  four  off¬ 
season  (October-June)  storms  have  approached  within  180  n  mi  of  Boston  while 
still  maintaining  hurricane  force  (>^64  kt)  winds. 

In  June  1893,  a  hurricane  moved  from  the  extreme  western  Gulf  of  Mexico 
northeastward  across  northern  Florida  and  over  the  coastline  to  just  north  of 
Hatteras,  and  continued  northeastward  passing  141  n  mi  southeast  of  Boston  with 
80  kt  center  winds.  Boston  experienced  light  rain  and  light  northeasterly 
winds.  The  other  three  hurricanes,  two  in  October  and  one  in  November,  formed 
well  northeast  of  the  Bahamas  and  remained  offshore  until  beyond  Boston.  The 
November  1888  hurricane  passed  the  closest  of  these  off-season  storms  (93  n  mi 
to  the  east),  producing  a  maximum  one  hour  average  wind  of  53  kt  and  a  total 
precipitation  amount  of  4.36  inches. 

During  July  and  August  (Figure  XV-9)  the  axis  is  still  to  the  southwest 
overland,  but  splits  near  South  Carolina  with  the  primary  threat  thence  from  the 
Bahamas  and  eastward  to  the  Cape  Verde  region.  The  source  for  almost  all 
July/Auyust  threatening  tropical  cyclones  is  the  subtropical  North  Atlantic. 

Most  threat  storms  from  July  through  September  recurve  over  water,  passing 
Boston  to  the  southeast. 
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Figure  XV-6.  Examples  of  fast-moving  hurricanes  that  impacted  New  England. 
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PERCENTAGE  OF  ALL  TROPICAL 
CYCLONES  IN  OUTLINED  AREA 
THAT  PASSED  WITHIN  180  N  MI 
CIRCLE  CENTERED  ON  BOSTON 

APPROXIMATE  TIME  REQUIRED 
FOR  TROPICAL  CYCLONE  TO 
REACH  BOSTON  (BASED  ON 
MONTHLY  CLIMATOLOGICAL 
SPEEDS  OF  MOVEMENT ) 


Figure  X V - 7 .  Annual  probability  and  CPA  curves  for  all 
tropical  cyclones  passing  within  180  n  mi  of  Boston, 
based  on  data  from  1871-1979. 


The  threat  axis  of  probability  shifts  to  just  offshore  by  September 
(Figure  X V - 1 0 )  with  the  source  region  continuing  to  be  the  subtropical  North 
Atlantic. 

The  times  to  CPA  presented  in  Figures  XV-  7  through  XV-10  snould  be  used 
with  caution,  because  it  is  the  exceptionally  fast  moving  storm  that  poses  the 
greatest  danger  to  Boston,  not  the  “average"  storm.  For  example,  Figure  XV-10 
indicates  that  a  September  storm  located  near  27°N/74°W  should  reach  Boston  in 
about  3  or  4  days,  based  on  climatoloyy.  Flowever,  the  21  September  1938 


of  Boston  (circle)  ,  and  approximate  time  to  closest  point  of  approac 
during  October  through  June  (based  on  data  from  1871-1979). 


Figure  XV-9.  Probability  that  a  tropical  cyclone  will  pass  within  180  n 
of  Boston  (circle),  and  approximate  time  to  closest  point  of  approach, 
during  July  and  August  (based  on  data  from  1871-1979). 


ure  XV-10.  Probability  that  a  tropical  cyclone  w 
f  Boston  (circle),  and  approximate  time  to  closes 
uring  September  (based  on  data  from  1871-1979) 
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(1)  Greatest  tropical  cyclone  activity. 

(2)  Strong  North  Atlantic  subtropical  high  pressure  system. 

13)  Deep  atmospheric  upper  level  trough  lying  over  the  tast  toast. 

(4)  The  primary  tropical  cyclone  generation  area  is  the  subtropical  North 
At  1  anti c  . 

Factors  1,  2  and  3,  combine  to  modify  the  normal  recurvature  of  a  tropical 
cyclone  and  instead  accelerate  and  steer  it  rapidly  north  from  tape  Hatter  as 
into  southern  New  England.  Factor  4  causes  the  tropical  cyclone  to  be  properly 
positioned  for  an  overwater  approach. 

Unfortunately  for  New  England,  such  storms  lose  little  energy  as  they 
rapidly  traverse  the  colder  water  between  the  north  wall  of  the  Gulf  Stream  a  no 
Long  Island,  as  would  be  expected  of  tropical  cyclones.  This  may  be  explained  t  . 
their  adoption  of  extratropical  characteristics  at  higher  latitudes  or  by  their 
reduced  interaction  with  the  surface  at  such  high  speeds  of  advance.  Eitnr- 
way,  the  circumstances  described  above  combine  to  present  a  serious  threat  at 
destruction  to  New  England. 

4.2  LOCAL  WEATHER  CONDITIONS  DURING  HURRICANE  PASSAGE 

The  primary  sources  of  the  weather  data  examined  in  this  discussion  were 
the  hourly  observations  from  the  Weather  Bureau  Station.  H'storical  data  for 
the  period  1885-1958  were  obtained  for  Blue  Hill  Observatory  site.  Supplemental 
data  in  various  summary  and  ob se r v a t i o n a  I  form,  for  several  sites  in  and  around 
Boston,  were  also  reviewed.  Records  from  ail  sites  were  reviewed  for  those 
periods  when  a  tropical  cyclone  was  within  360  n  mi  of  Boston.  The  sites  and 
periods  of  records  for  hourly  observations  were  as  follows: 


Boston  WBA3 

1936-19/9 

Boston  WBO 

1893-1934 

Boston  L/S 

1958-1973 

Squantum 

1943-1953 

5a 1 em  Coast  Guard 

1949-1956 

Race  Point  L/S 

1958-1979 

Eastern  Poi nt 

1964-1979 

Hanscom 

1943-1973 

Blue  Hill  Observatory 

1885-1958 

During  the  44-year  period  1936-  1979,  13  hurri  cane- force  tropical  cyclones 
passed  within  180  n  mi  of  Boston.  Table  X V - 1  lists  various  aspects  of  these  13 
storms  (plus  tropical  storm  Diane  of  August  1955,  which  caused  record  rainfall 
in  the  New  England  region). 
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Table  X V - 1 .  Center  data  and  related  weather  associated  with  hurricane 
passages  within  180  n  ini  of  Boston  (1936-79). 


HORRICANt  DATA 

RLLATtD 

WEATHER 

IN  BOSTON  AREA 

Date 

(Name) 

60  A 
(kt) 

DIR/CPA 
(  n  in  l  ) 

CNTR 

(kt) 

Max  Wind  (kt) 
f,  Sus  ta  i  ned 
Gusts 

Surge  Ht 
(ft) 

P rec ip  (ins) 
24  hr/max  6  hr 

Comment 

9/ 19/ Jb 

2b 

t 

102 

91 

N  34  &  37 
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The  1 9  b  4  storms,  Carol  and  E  d  n  a ,  offer  an  interesting  comparison  o  t  storms 
passing  to  the  east  or  west  of  Boston.  Carol  in  late  August  had  a  closest  p o l n • 
of  approach  (CPA)  of  ol  n  mi  to  the  west  with  a  speed  of  advance  .  SO  A  of  3  2  kt 
and  center  winds  of  91  kt.  Less  than  two  weeks  later,  Ldna  passed  6  0  n  n,  i  to 
the  east  with  a  b  0  A  of  40  kt  and  109  kt  center  winds.  Minimum  sea-lev ei 
pressures  were  9  7  6  mb  for  Carol  and  9/3  mo  for  Edna.  While  Eona  n  a  d  str  /  n  g  e  r 
center  winds,  was  moving  faster,  and  produced  a  sligntly  lower  pressure  reaJing 
and  while  the  CPA's  were  nearly  equal,  Carol  produced  maximum  one  minute 
averaged  winds  and  peak  gust  readings  of  74  and  3  7  kt  from  the  southeast  arid 
Edna  only  64  and  76  kt  from  the  northwest  (WBAb  East  Boston). 

These  differences  can  be  related  to  the  additive  factor  of  the  bOA  of  t n e 
right  semicircle  winds  relative  to  the  direction  of  movement.  On  the  other 
hand,  the  rainfall  for  Edna  (the  storm  passing  to  the  east)  was  more  than  double 
that  during  Carol  (passing  to  the  west).  The  records  indicate  that  heavy 
rainfall  and  flooding  occur  to  the  west  of  the  storm  track  and  maximum  winds  and 
damage  to  the  east  of  the  storm  track.  Tidal  surge  heights  appear  independent 
of  direction  of  passage  and  more  a  function  of  storm  strength  and  proximity. 

Mariners  should  be  aware  that  all  wind  records  used  in  this  study  are  from 
land  stations  and  that  a  ratio  of  1.6:1  has  been  found  to  be  a  representative 
ratio  for  estimating  maximum  winds  over  open  water  areas  from  adjacent  land 
reports  (Hsu,  1981).  Thus  wind  speeds  of  100  kt  were  likely  over  the  outer 
harbor  area  during  several  of  the  hurricane  passages. 

Figure  XV- 11  shows  the  approximate  tracks  of  the  six  most  damaging 
hurricanes  that  passed  within  130  n  mi  of  Boston  during  the  period  1936-1979. 

All  of  these  storms  produced  widespread  damage  in  the  Boston  area.  Improved 
warning  systems  helped  alleviate  property  damage  and  loss  of  life  in  the  storms 
of  1954,  '5b  and  '60.  In  storms  of  this  type  it  is  likely  that  any  pleasure 

craft  or  small  boats  that  are  not  removed  from  the  water  or  moved  to  known 
havens  will  be  heavily  damaged  or  destroyed.  The  threat  comprises  the  three 
elements  of  high  wind,  heavy  rainfall,  and  rising  sea  level.  All  must  be  given 
consideration  in  preparing  for  a  hurricane  passage. 

People  of  the  Boston  area  are  much  more  attuned  to  the  winter  Northeaster 
type  storms*  than  the  hurricane  threat.  bo  me  unique  characteristics  of  the 
hurricane  that  differ  from  those  of  the  Northeaster  must  be  kept  in  mind: 

(1)  the  prime  threat  hurricane  is  most  likely  to  occur  during  the  fair  weather 
sailing  season  in  beptember;  (2)  the  speed  of  approach  of  these  prime  threat 
hurricanes  is  quite  rapid,  25-35  kt;  (3)  the  wind  direction  is  likely  to  rotate 
through  the  entire  compass  with  the  passage  of  a  hurricane;  and  (4)  it  is  the 
nature  of  man  not  to  be  concerned  about  events  that  happen  infrequently. 

‘Northeaster  -  An  extratropical  storm,  most  common  between  beptember  and  April, 
which  typically  forms  within  100  n  mi  of  the  east  coast  between  30-40°N  and 
progresses  northeastward.  Maximum  intensity  is  reji  '  ■  :  off  New  England, 
bringing  precipitation  and  northeasterly  gale  force  winds  to  the  coastal 
; . 2 0  regions  for  a  day  or  more. 
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The  inner  Boston  Harbor  is  somewhat  protected  by  'Jeer  Island  to  the  nortn 
and  east  and  Long  Island  to  the  southeast.  Numerous  o'her  smaller  islands  a  *  s  o 
provide  some  shelter  from  the  open  bay /"ocean  wave  energy.  However,  easterly 
winds  and  seas  will  cause  wave  related  problems.  Most  of  the  lower  inner  h  a  r  d  o  • 
is  exposed  to  the  east  and  vessels  in  this  area,  unless  berthed  at.  well 
protected  piers,  will  experience  high  wind  waves.  While  the  piers  and  wnarves 
of  Boston  have  generally  been  constructed  to  handle  the  normal  9-lo  ft  1 1 a  a 1 
range,  some  local  flooding  is  experienced  during  extreme  tide  conditions.  n 
the  event  of  a  storm  passage  at  high  astronomical  tide,  waterfront  areas  would 
be  exposed  to  wave  action.  Water  levels  of  1  i ! 2  ft  over  tne  piers  have  been 
recorded  at  the  Naval  Shipyard. 

4.4  STORM  SURGt  AND  TIULS 

Storm  surge  during  hurricanes  y/nerj  1  I  y  n<ts  net  been  a  major  problem  tor 
the  Boston  Harbor  area.  The  highest  surge  value  on  record  is  the  3.9  ft  that 
occurred  with  the  September  194  4  hurricane  (Harris,  i  ut.  j , .  I  he  19S4  hurricanes, 
Carol  and  Ldna,  produced  3.6  and  3.2  ft  surge  heights.  with  a  normal  tidal 
range  of  9  to  10  ft,  surge  heights  of  2-4  ft  will  generally  not  be  of  great 
concern.  Of  course,  a  4  ft  surge  at  extreme  high  tide  v range  of  about  14  ft  at 
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Boston,'  would  cause  considerable  flooding;  when  this  was  topped  by  wind  waves 
from  the  east,  further  problems  would  develop.  A  compounding  adverse  effect  of 
svge  and  easterly  wind  waves  is  the  restriction  of  the  outflow  from  the  various 
rivers  that  flow  into  and  form  the  inner  ha-bor.  Such  a  restriction  further 
1  he  i' eases  the  flood  problem  along  the  lower  portions  of  the  rivers,  wmch 
usually  experience  increased  flow  during  a  hurricane  passage  as  a  result  of 
r  e  a  v  v  p  r  e  c  i  p  i  t  a  t  i  o  n  . 

b.  THt  DtClblON  TO  tVADt  OR  RtMAIN  IN  PORI 

Ine  inner  harbor  portion  of  the  Port  of  Boston  is  considered  a  hurricane 
haven;  therefore,  remaining  in  tne  inner  harbor  or  moving  to  that  portion  of  trie 
n  u  ••  a  o  r  is  t  he  recommended  action. 

1  n  s  T  r  uc  t.  i  ■’  n  s  tor  disaster  preparedness  by  Navy  snips  are  found  in 
sOPA.Al’^IN,  INsT  nJbO.i.  sJPA  will  direct  action  to  be  taken  by  Navy  ships 
present. .  .vTiiiijn,:  ’  ng  ;>f  t  •  c  er ,  NAt>  south  Weymouth,  is  assigned  as  Thi  »*<i  Area 
Weather  Coord  rat  or  and  will  communicate  weather  warnings  and  Conditions  of 
Readiness  to  y.'PA  and  jii  n  Ai  Ait  M  IN).  A  U.B.  Navy  communications  Center’  is  no* 
available  in  Boston,  so  ships  remaining  in  excess  of  12  hours  should  make  guard 
shift  arrangements  with  tommuni  cations  Center,  Commander,  First  Coast  j  u  a  >*  d 
!)  l  s  t  r  l  r  . 

«;*n  tne  appro -u:n  of  a  hurricane,  the  decision  to  execute  precautionary 
measures  must  be  made  in  a  timely  manner.  Precautionary  action  should  be  based 
on  consi  oerat  i  on  of  four  general  factors:  vessel  characteristics,  ha '’Dor¬ 
een  ditto  ns  and  available  berthing,  most  recent  hurricane  warning  forecast,  and 
Storm  climatology  history. 

individual  vessel  factors  are  oest  determined  oy  those  responsible  for 
eacn  vessel.  Vessel  characteristics,  in  addition  to  seaworthiness,  include  such 
f  j  l  *.  I)  ■’  s  as  anchorage  or  moored  location  ana  tug  and  or  piiv)t  needs. 

b . 1  PRLCAUT 10NARY  ACTION  RATlONALt 

Chips  berthed  in  tne  upper’  portions  of  Boston  harbor  should  remain  in 
port.  in  the  lower  inner  harbor,  ships  berthed  in  exposed  positions  or 
structurally  weak  berths,  should  be  rebertned  or  should  leave  tne  harbor. 

If  operational  or  logist’ca!  circumstances  demand  sort i e  action,  the 
recommended  procedure  is  to  steam  due  east  to  clear  the  shoal  waters  and  l  on 
continue  evasion  as  dictated  by  the  storm.  > bee  Section  o  for  evasion  at  sea 
rationale.,  Due  to  tne  high  speed  of  advance  of  'urn  l canes  that  threaten  the 
Boston  area,  evasion  to  the  open  Atlantic  involves  a  considerable  >  isx  of  lie  in., 
overtaken  by  the  hurri.  a  no. 
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6.2  THRtAT  AbbtSBMtN! 

1 1  tinny  ot  any  precautionary  measure  is  always  entaricl)  ■_  <  i  t  1  .  a  '  .  'tie 
fast,  northward-moving  hurricanes  tnat  constitute  the  p  »•  i m  e  threat  .an  .  a^se  the 
Boston  area  to  y  o  from  readiness  condition  IV  to  condition  1  in  a  •'  a  t t e •  . ’  j 

few  hours.  Note  that  Figures  XV-/  through  XV-:'  show  tnat  tne  c  1  i  rn  a  t  o  i  o  g  i .  a 
position  for  the  average  storm  4  a  hours  f  r  o  m  ..  u  s  t  o  n  is  near  trie  'latitude  of 
southern  south  Carolina,  while  the  /2-hour  position  '  ,  near  central  ^icj. 

However,  Figure  XV- o  --  examples  of  f  a  S  t  -  m  o  v  l  n  y  h  u  r  ’’  l  c  a  n  e  s  t  •:  a  f  -j.h-J 
si  yni  f  i  cant  damage  in  the  New  Lngland  region  --  -..’nows  tne  f  o  !  'owing  appro* '  ti’.c 
times  to  closest  point  of  approach  of  boston  f  tne  ,  a  t :  t  w  :  >*  s  u  .  t  n  e  r  n  ■  u  t  h 
C a  ro 1 l n a  : 


1 1 ' 

>2) 

;3  ; 

,4  j 

2i  September  ,  yg^  -  rup y 

16  September  1  y 4 4  -  2  4  ho^s 

carol  i  V  s  -  2  n  .j  j  r  b 

(j o n ri a  :  4  6  J  -  2  4  s 

D  .  i 

T  H  t<  L  A  1 

S  d  U  K  u  C  S 
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r  i  e  d . 
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sources 

and  approaches. 

t>  •  3  •  1 

Rat  i  ona 

1 e  for  the  Primary  1 h  r  e  a  t 

6  *  o  r  m  s  approaching  Boston  from  between  tne  east  .oast  an;  * 

meridian  constitute  the  primary  threat.  The  late  August  through  .  e  p  t  e  o  «*  •* 
per  i  od  is  the  time  this  type  of  storm  is  aost  likely  t  c  'um'.  1  4  the  ‘  :  r  C  a  s  t 

is  for  the  storm  to  accelerate  on  a  northerly  track,  then  due  ccsi  derat  t  u*- 
relative  to  precautionary  measures  should  ne  given.  Snips  at  expose.:  c  poc  v 
constructed  berths  should  be  rebertneo. 

■j  .  J  .  2  Rationale  for  Storms  A  p  f^r  o  ag;  h  j_n_y  _  ft'  om  0  ve  r  Land 

Storms  approachiny  from  over  land  [landfall  south  of  Long  Island  are  of 
limited  threat  due  to  their  reduced  intensity.  These  storms  aft  not  likely  to 
generate  wind  or  surge  problems  at  Boston,  but  storms  of  this  type  which  reu''ve 
and  pass  south  of  Boston  can  cause  heavy  rainfall  ,  Plane  lvbu  truce,  fig 
< V -  1 1 )  and  related  flooding  problems  (Table  XV- 1). 

d  .  3  .  3  !_rop  i_caj North  Atlantic  Hurricane  Near  the  Baham  as 

Tropical  cyclones  approachiny  from  this  sector  in  close  proximity  to  the 
east  coast  are  Boston's  yreatest  threat  for  the  dangerous  comp  I  ete  I  y-menva  ter 
approach.  They  are  also  the  most  likely  candidates  for  rapid  acceleration 
northward.  If  the  storm  becomes  one  of  the  unusual,  northward-accelerating 
hurricanes  that  are  particularly  dangerous  to  Boston,  minimal  time  is  available 
for  precautionary  action  since  the  time  schedule  will  be  compressed.  Hurricanes 
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from  near  trie  Is  a  red  mas  w  n  1  c  n  actually  stn  trie  Atlantic  coast  I  1  ne  of  trie 
southern  united  States  would  not  general ly  be  considered  a  threat,  since 
n i s  t  o  r i v  a  i  1  y  t  ney  nave  weakened  cons l oerao ! j.  An  except  ion  would  be  those 
riui'M  caries  mat  pass  over  a  small  area  of  land,  particularly  cape  hat  teas,  sjci 
as  riu,,''cane  Bonn  a  in  19oo. 

o  .  j .  -1  Ir-ppical  North  Atlantic  Hurricanes  Farther  Northeast  of  Bahamas 

Based  on  records  of  this  century,  tropical  cyclones  north  of 
approximate’,  y  27  °N  latitude  and  east  of  aDout  /'J'w  longitude  nave  a  iow 
probability  of  being  a  destructive  tnreat  to  Boston.  However,  for  a  major 
nurricane  i  ri  this  area  predicted  to  threaten  Boston,  p  rec  a  u  1 1  on  a  ry  actions  arc- 
ad  v  i  s  a  o  1  i . 

o  .  .i  .  o  j  ti  I  f  0  t Me-icj  a ’id West  cariobejn  Hurricanes 

Tropical  cycl  ims  approaching  from  this  area  are  not  con  si  ce  a  t'v..^- 
t  o  snipping  in  t  ne  notion  a  >•  j .  while  tnc  passage  of  Sven  s  l  o  *  ■■  s  1  ■.  .  n 

of  Boston  occurs  f  a  i  r'  1  y  often,  ttiem  long  track  over  land  great  1  y  reduces  the 
wind  threat  and  near  1  y  a  s  s u r e  s  t h e  i  r  change  to  an  e x t  r a t  r o pn  «  a  1  system.  me, 
ma "  cause  local  flooding  due  to  neavy  precipitation. 

b  . 4  b  d l  of  A U b H  1 B  A u L  b 

The  ha  roor  deep-draft'  anchorage  areas  are  north  of  Pres  i  dtyit  •  j  i.:  s  ,  i  n 
Nantasket  Roads,  between  Georges  Island  and  Long  Island,  anc  north,  of  tne 
channel  ent-'ance  to  the  inner  haroor  ,  see  chart  132  70.-.  Tne  anc  nonage  or;  tne 
west  side  of  Georges  Island  is  sheltered  from  easterly  winds  nut  has  question¬ 
able  holding.  Tnis  area  is  used  by  vessels  during  periods  of  strung  easteri, 
winds.  The  anchorage  north  ot  President  Roa .  s  has  a  blue  mud  Dutton;  ana  fair',, 
good  holding  but  is  space-restricted  and  has  numerous  surrounding  shelves  and 
shoals.  The  anchor- age  north  of  the  inner  harbor  entrancechannel  has  a  soft  mud 
bottom  and  poor  holding  qualities  and  is  not  an  appropriate  a nm or  age  during 
strong  wind  conditions.  The  best  hurricane  anchorage  (see  Para^  3.4 ;  is 
40  n  mi  southeast  of  Boston  Harbor  in  Cape  Code  Bay,  within  the  -look  of  .ape 
Cod. 

b . 6  RETURNING  TO  HARBOR 

After  the  passage  of  a  hurricane,  entering  the  n arbor  may  present 
hazards.  There  may  be  wrecks  in  the  channels,  larye  floating  debris,  and  damage 
to  the  piers.  Alongside  services  may  weil  be  disrupted  by  the  flooding 
associated  with  storm  surge.  There  is  a  very  high  probability  that  channel 
markers  and  other  navigation  aids  will  have  shifted  position  or  become  otherwise 
unreliable. 
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•5.0  RUNNING  K)K  GHtLILK 

bmps  at  sea  that  3 re  seeking  shelter'  should  consider  several  factors 
relative  to  Boston.  Boston  Harbor  is  considered  to  be  a  refuge  from  hurricane 
weather.  Suitable  berthing  is  available.  I h e  anchorages  in  the  harbor  area  are 
not  considered  suitable  during  hurricane  conditions  because  of  their  limited 
size,  surrounding  snoals,  ledges  and  rocks,  and  varying  holding  c h a r a c t e r i s t i c s. 
ilarDor-  facilities  ’tugs  and  piers)  are  generally  available  and  harbor  traffic  is 
not  congested.  ihe  numerous  shoals  and  rocks  in  the  outer  harbor  region  make 
navigation  during  heavy  weather  particularly  dangerous,  thereby  necessitating 
arrival  prior  to  onset  of  storm  conditions. 

•a.;  ADVICE  FOR  SMALL  CRAFT 

small  craft  snould  be  either  removed  from  the  water  to  positions  above 
projected  flood  levels  or  bottom  moored  in  protected  areas.  There  are  no 
recommended  small  craft  hurricane  mooring  facilities  in  the  main  harbor.  During 
hurricane  Donna  in  I960,  hundreds  of  small  boats  and  pleasure  craft  were  ripped 
from  tneir  ,1100 rings  and  smashed  against  rocks  or  seawalls.  Similar  damage  was 
inflicted  by  earlier  severe  storms  in  the  areas.  Small  craft  berthed  along  the 
western  bank  of  the  inner  harbor  below  the  confluence  of  the  Mystic  and  Chelsea 
Rivers  appear'  particularly  vulnerable  to  damage  by  hurricane  passage. 

6.  RAT  I ONALE  FOR  EVASION  AT  SEA 

It  sortie  and  evasion  at  sea  is  necessary,  then  reaching  the  deep  water 
beyond  the  continental  shelf  is  advisable.  Large  areas  of  shoals  exist  within 
Massachusetts  Bay  ,oti 1 Iwagen  Bank)  and  over  the  Continental  shelf  area  of  the 
open  ocean  , o e 0 r g e s  Bank).  These  areas  produce  the  dual  hazards  of  limited 
J-'aft  and  shallow  water  wave  action  in  a  totally  exposed  open  ocean  area  and 
snould  therefore  be  avoided  during  evasive  action. 

wnen  threatened  by  weaker  tropical  systems,  such  as  a  tropical  storm,  or 
if  rapid  development  or  speed  of  approach  -"akes  sortie  hazardous,  then  some 
local  berthing  o >  anchorages  are  preferred  (Para.  3.4).  When  evasion  at  sea  is 
contemplated,  tne  importance  of  an  early  decision  to  sortie  cannot  be  over¬ 
emphasized.  Each  threat  must  be  judged  on  its  own  merits.  The  most  likely 
threat  scenarios  and  recommended  actions  are  described  in  the  following  three 
subparagraphs. 

6.1  TROPICAL  NORTH  ATLANTIC  HURRICANE  NEAR  THE  BAHAMAS 

Tropical  cyclones  approaching  from  this  sector  in  close  proximity  to  the 
east  coast  are  Boston's  greatest  threat  for  the  dangerous  completely-overwater 
approach.  They  are  also  the  most  likely  candidates  for  rapid  acceleration 
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northward.  I  he  only  sortie  options  from  a  threat eniny  hurricane  located  near 
the  Bahamas  is  either  to  evade  within  the  confines  of  Massachusetts  Bay  or  head 
southeast  with  intent  to  clear'  to  tne  east  side.  This  action  requires  crossing 
the  track  t crossing  the  T)  and  requires  extra  caution.  Heading  directly  east 
may  not  give  enough  clearance  if  the  storm  moves  rapidly  northeast.  bince  the 
majority  of  such  storms  do  accelerate  along  a  track  in  a  northeasterly  direction 
well  soutn  of  cape  Cod,  any  sortie  must  be  initiated  early,  otherwise  the  vessel 
can  easily  De  over-run  before  it  is  clear-. 

Tor  a  fast  - moving  t  3  0  +  kt)  storm,  the  seas  and  most  wind  will  not 
project  any  appreciable  distance  ahead  of  the  storm,  whereas  in  the  case  of  the 
slower- -;:ioving  storm,  swell  and  wind  extend  for  considerable  distances  ,  hundreds 
of  miles)  from  the  storm's  center.  If  the  storm  becomes  one  of  the  unusual, 
northward-accelerating  hurricanes  that  are  particularly  dangerous  to  Boston, 
less  time  is  available  to  sortie  since  the  schedule  will  be  com  pressed;  however-, 
it  will  be  easier  to  clear  to  the  east  of  the  storm. 

In  any  event,  if  a  vessel  intends  to  sortie  to  the  open  ocean,  an  early 
decision  must  be  made,  preferably  with  the  storm  no  closer  climatological  ly  than 
48  hours.  Hurricanes  from  near-  the  Bahamas  which  actually  strike  the  Atlantic 
coastline  of  the  southern  United  States  would  not  generally  require  a  sortie 
since  historically  they  have  weakened  considerably.  An  exception  would  be  those 
hurricanes  which  pass  over  a  small  area  of  land,  particularly  tape  Matt  eras, 
such  as  Hurricane  Donna  in  I960. 

o.2  TROPICAL  NORTH  ATLANTIC  HU R RICAN  Lb  TAKTHLR  NOklHLAb!  01  BAHAMAS 

Based  on  records  of  this  century,  tropical  cyclones  north  of  approxi¬ 
mately  27°N  latitude  and  east  of  about  70°W  longitude  have  a  low  probability  of 
being  a  destructive  threat  to  Boston.  These  storms  do  not  generally  warrant  a 
sortie.  However,  for  a  major  hurricane  in  this  area  predicted  to  threaten 
Boston,  evasion  may  be  advisable.  In  this  case  the  most  probable  direction  for 
the  storm  to  travel,  if  the  warning  is  not  correct,  is  north-northeast. 

Therefore  the  best  evasion  route  would  be  to  the  southwest  along  tne  u . g .  east 
coast.  This  would  place  the  vessel  in  the  safe  semicircle  if  the  forecast  route 
is  correct,  and  allow  the  vessel  to  evade  the  storm  that  recurves  to  the 
northeast. 

6.8  GULF  OF  MLXICO  AND  WEbT  CARIBBEAN  HURRICANES 

Tropical  cyclones  approaching  from  this  area  are  not  considered  a  threat 
to  shipping  in  the  Boston  area  and  would  not  warrant  evasion.  While  the  passage 
of  such  storms  within  180  n  mi  of  Boston  occurs  fairly  often,  their  long  traa 
over  land  greatly  reduces  the  wind  threat  and  nearly  assures  their  change  to  an 
e x t r a t r o p i c a  I  system.  They  may  cause  local  flooding  due  to  heavy  precipitation. 
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XVI.  NEW  YORK.  NEW  YORK 


SUMMARY 


New  York  Harbor  is  recommended  as  a  hurricane  haven  on 
the  basis  of  the  c o n s i der a 1 1  on s  discussed  below. 

Tropical  cyclones  which  have  caused  sustained  winds  of 
hurricane  force  (_>6  4  kt)  in  the  New  York  Harbor  area  are 
rare  events.  Normal  hurricane  recurvature  at  this  latitude 
and  the  geographic  features  of  the  New  York  Harbor  area 
combine  to  provide  protection  from  the  more  dangerous 
tropical  cyclones. 

New  York  is  a  large,  natural  harbor  with  many  excellent 
berthing  facilities  and  good  deep-water  anchorages.  Natural 
topoyraphic  features  and  numerous  man-made  structures  offer 
good  wind  protection.  The  bathymetry  and  orientation  of  the 
harbor  relative  to  the  normal  path  of  hurricane  passage  tend 
to  mitigate  wind /wave  and  ocean  swell  danger.  Storm  surge, 
however,  is  a  significant  threat  to  the  harbor. 

Three  additional  factors  also  apply  here: 

ll)  The  probability  is  low  that  a  tropical  cyclone  of 
hurricane  strength  will  strike  New  York  Harbor. 

( 2 )  The  decision  to  leave  New  York  Harbor  to  evade  at 
sea  must  be  made  very  early  to  allow  safe  clearance,  because 
of  the  normal  increased  speed  of  advance  and  likely  recurva¬ 
ture  of  the  storm. 

(3)  Excellent  berthing  is  available. 

Normal  hurricane  berthing  is  recommended  unless  the 
harbor  winds  are  forecast  to  be  near  or  above  hurricane 
strength.  Reberthing  in  the  most  protected  berth  available 
and  extraordi nary  preparation  is  then  recommended,  with 
particular  attention  to  possible  storm  surge  threat. 


This  hurricane  haven  evaluation  was  prepared 
by  A  .  J.  Compton  and  J.D.  Jarrell  of  Science 
Applications,  Inc.  (SAI)  ,  Monterey,  CA  93040 
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1.  GEOGRAPHIC  LOCATION  AND  TOPOGRAPHY 

New  York  Harbor,  which  is  located  along  the  western  shore  of  Lony  Island,* 
extends  from  the  confluence  of  the  Hudson  and  Last  Rivers  in  the  north  to  Lower 
New  York  Bay  in  the  south,  as  shown  in  Figure  X  V I  - 1 .  It  includes  Jamaica  bay  to 
the  east  and  Sandy  Hook  Bay  to  the  south.  New  Jersey  ports  of  Perth  Amboy,  Port 
Elizabeth,  Port  Newark,  Bayonne  and  others  are  accessible  through  tributaries 
which  empty  into  New  York  Harbor. 

The  harbor-  complex  is  located  between  the  New  Enyland  lowlands  and  the 
Atlantic  coastal  plain.  Elevations  ranye  from  sea  level  to  a  high  of  over 
400  ft  in  the  Richmond  area  on  Staten  I  s  1  ind.  Lower  New  York  Bay  is  open  to  the 
Atlantic  Ocean  in  the  quadrant  from  the  east  around  to  the  south,  while  Long 
Island  Sound  opens  to  the  northeast.  The  Upper  bay  opens  to  the  south  via  the 
Narrows  to  the  Lower  Bay. 

The  western  end  of  Lony  Island  Sound  is  subject  to  channeling  of  wind  and 
water  from  the  east  as  is  New  York  Harbor  from  the  southeast.  short- period 
wind-wave  setup,  as  well  as  storm  surge,  is  possible  in  the  event  of  a  nearby 
hurricane  landfall  (e.y.,  Donna  in  1960).  The  physical  geography  of  New  York 
Harbor  and  Lony  Island  Sound  allows  Sufficient  feted  for  wind-wave  damage  to 
occur,  and  both  are  susceptible  to  the  buildup  of  water  in  semi-closed  bays 
causing  abnormally  high  levels. 

Deep  ocean  swell  is  effectively  blocked  from  entrance  into  Lony  Island 
Sound  by  Block  Island  and  associated  shallows,  as  well  as  by  the  restrictive 
angle  at  the  eastern  end  of  Lony  Island.  Ocean  swell  is  shoaled  upon  shallows 
at  the  entrance  to  Lower  New  York  Harbor,  giving  s  o  e  protection  to  the  harbor 
proper.  Figure  X  V I  -  2  depicts  the  physical  geography  of  trie  area. 

2.  THE  HARBOR  AREA  AND  ITS  FACILITIES  (Fiyure  XV 1-1) 

The  New  York/ New  Jersey  Port  area  is  one  of  the  largest  commercial  marine 
complexes  in  the  world.  New  York  Harbor  is  a  large,  protected,  natural  harbor 
located  only  nine  miles  from  the  Atlantic  Ocean.  Within  the  nurjior  tomplex 
there  are  over  1100  facilities  including  over  / 2 U  piers,  wharves  and  docks  ; m any 
inactive),  good  deep-water  anchorages  and  an  extensive  channel  network.  1 h e 
following  discussion  of  facilities  is  limited  to  the  major  military  and  commer¬ 
cial  piers  and  those  piers  which  are  occasionally  used  by  the  Navy.  Entrance  to 
the  harbor  is  via  a  narrow  man-made  channel  which  is  difficult  to  navigate 
duriny  heavy  weather.  The  port  facilities  are  discussed  under  three  second- 
level  subparagraphs  as  follows: 

*  I  he  western  reaches  of  Lony  island  Sound,  though  not  a  part  oi  the  New  York 
Harbor  complex,  will  also  be  considered  in  this  study. 
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BERTHING  AREAS 

Leonardo  Piers 
Floyd  Bennett  Field 
Military  Ocean  Terminal 
I'.S.  Coast  Guard  Piers 
Passenger  Ship  Terminal 
Brooklyn  -  Port  Authority 
Marine  Terminal 

Columbia  Street  Marine  Terminal 
Elizabeth  -  Port  Authority 
Marine  Terminal 
Port  Newark 

Howland  Hook  Container  Terminal 
Former  New  York  Naval  Shipyard  . 
South  Street  Seaport  Museum 
Fort  Schuvler 
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ANCHORAGE  AREAS 

A.  Gravesend  Bav  Anrh.  No.  2b 
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C.  Sandy  Hook  Bay  Anch.  No.  49  F 


D.  Bay  Ridge 
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NEW  JERSEY 


Figure  XVI-1.  New  York  Harbor,  with  locations  of  main  berthing  and  anchorage 


Figure  XV I  -  2 „  Topography  of  New  York  Harbor  area  (elevations  in  feet). 
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Para.  2. 1 
Para.  2.2 
Para.  2.3 


Lower  New  York  Bay 

Upper  New  York  bay,  Newark  Bay  and  Lower  Hudson  River 
Last  River  and  Western  Long  Island  bound 


2.1  LOWER  NEW  YORK  BAY 

2.1.1  Leonardo  Piers,  Naval  Weapons  Station  ;HWS),  Earle,  New  Jersey 

The  Leonardo  Piers,  NWS  at  Earle,  New  Jersey  are  located  on  the  southern 
shore  of  Sandy  Hook  Bay  about  6  1/2  miles  froi.i  the  entrance  of  bandy  Hook 
Channel  . 

2.1.2  Floyd  Bennett  Meld 

Floyd  Bennett  Field  Wharf,  located  in  Jamaica  Bay,  is  operated  by  the 
National  Ocean  Survey,  NOAA. 


2.2  UPPER  NEW  YORK  BAY,  NEWARK  BAY  AND  LOWER  HUDSON  RIVER 
2.2.1  Military  Ocean _ Terminal,  Bayonne  Annex 

!ne  Military  Ocean  Terminal,  \iayonne.  New  Jersey,  ^Figure  XVI-J)  is  located 
on  the  western  side  of  the  Upper  Bay  about  15  miles  fro  mi  the  entrance  to  Ambrose 
■'hannel.  There  are  ten  north  side  ( N 1  through  N 1 0 ; ,  seven  southside  ,51  through 
S7  :  and  two  east  side  (,  E 1  ,  E2)  berths  located  around  the  terminal  peninsula. 


Figure  X  V  I  -  3 .  Military  Ocean  Terminal,  Bayonne  Annex 
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North  side  berths  are  b  7  U  -  o  3  3  tt  long  and  2  9-39  ft  deep  below  mean  iow  water 
(MLW).  LI  and  L2  are  400  and  6  50  ft  long,  respectively,  and  4b  ft  in  depth 
below  MLW.  (.Note:  access  to  the  terminal  is  restricted  to  Jo  ft  depth  oelow 
MLW.)  lhe  south  side  berths  are  2  3  -  J  7  ft  deep  below  MLW  and  b  0  0  -BOO  ft  long; 
decx  heights  are  Id  ft  aDove  MLW.  The  southern  and  eastern  bertns  are  somewhat 
exposed  to  incoming  seas  through  the  Narrows. 

'1.2.2  U  ■  3 .  Coast  Guard  Piers,  Governors  Island 

The  Coast  Guard  Piers  are  located  on  the  east  side  of  Governors  Island  in 
Buttermi lk  Channel . 

2.2.3  Passenger  bhip  rerun  nal _ (City  of  New  York) 

The  Passenger  Ship  Terminal  is  located  on  the  east  side  of  the  Hudson  River 
from  47th  to  54th  Streets.  There  are  four  large  piers  (Pier  Nos.  So,  9 U ,  92  ana 
94)  which  are  used  primarily  for  mooring  cruise  vessels.  There  are  a  total  of 
eight  berths  7  7  5  -  1  1  U  0  ft  long  constructed  with  timber  piles  and  concrete  decks. 
Deck  height  is  10  ft  above  MLW  with  depth  alongside  28-32  ft  below  MLW.  Piers 
are  well  protected  from  strong  L-W  winds. 

2.2.4  Brooklyn  -  Port  /Authority  Marine  Terminal  (Figure  X  V  I  -  4  a  ) 

( Owned  by  Port  Authority  New  York/ New  Jersey) 

Piers  1  and  12  of  this  marine  terminal,  which  are  located  on  the  east  side 
of  Buttermilk  Channel  (Pier  12)  and  the  east  side  of  the  Last  Fiver  entrain  e 
(Pier  1),  are  general  cargo  and  container  terminals  and  a >•  e  occasionally  used  by 
Navy  ships.  There  are  six  bertns  300-1091  ft  long,  all  with  32  ft  depth  be;  « 
MLW.  Pier  1  is  timber  pile,  concrete  deck  with  deck  height  12  ft  above  "1«. 

Pier  12  is  a  s  p  h  a  1 t - s  u  r  f  a  c  e  d  solid  fill  with  timber  pile  and  concrete  deck 
extensions  -  also  12  ft  above  MLW. 

2.2.3  Columbia  Street  Marine  Terminal  (Figure  XV I  -4b) 

(Port  Authority  New  York/New  Jersey) 

Columbia  Street  Pier  is  a  semi -protected,  deep-draft  1 3  b  tt  below  MLw  pier 
located  in  Gowanus  Bay  (east  side  Upper  New  York  Bay).  iotal  usable  berthing 
space  is  1230  ft  on  the  west  side  of  the  pier  and  1206  ft  on  the  east  si.: e. 

This  is  a  large,  asphalt-surfaced,  timber-pile  pier. 

2.2.6  L I i zabet h  -  Po r t _ A u thor ity _ Marine  1 erm l na 1 

(Port  Authority  New  York /New  Jersey) 

Port  tll/aheth  is  a  major  commercial  terminal  for  container  and  general 
c  a  r  g  o  1  o  c  a  t  e  d  on  Newark  Bay  with  access  from  Upper  New  York  Bay  v  l  >  Kill  Van 
K  u i  I .  lhe  pier,  which  is  operated  hy  several  private  companies,  is  constructed 
of  concrete  retaining  wall  and  solid  fill  with  asphalt  surface  on  concrete 
relieving  platform.  I  here  is  extensive  berthing  a’ia  available  with  2o  berths 
(even  numbered  51)  through  08)  and  near  lb.OOu  ft  of  usable  berthing  space.  ’in' 
deck  height  is  12  ft  above  MLW  and  depth  alongside  are  33-42  ft  below  M1W. 
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Figure  XV  I -4a  Brooklyn  Port  Authority  Marine  Terminal  piers. 


F  i  rj  u  r  e  t  V  1  -  'Ui .  Columbia  Street  Marine1  Terminal. 
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2.2.1  Port  Newark  [owned  by  City  ot  Newark) 

This  terminal  is  similar  to  Port  tlizabeth  in  construction  and  function  and 
is  located  adjacent  to  Elizabeth  in  Newark  Bay.  A  major  marine  terminal.  Port 
Newark  has  a  total  of  j  7  berths  with  nearly  23.0UU  ft  of  berthing  space.  Deck 
neignt  is  11  ft  above  M  L  W  and  depth  alongside  is  35  ft  below  M  L  W .  Access  to 
Ports  Elizabeth  and  Newark  via  Kill  Van  Kull  requires  passage  under  Bayonne 
bridge  with  a  minimum  clearance  of  151  ft. 

2.2.C-  Howland  Hook  container  Terminal  (City  of  New  Yorki 

oowlano  Hook  is  located  on  the  northwest  side  of  5 1  a  t  e  n  Island  at  the 
southern  end  of  Newark  Bay  on  the  northern  terminus  of  Arthur  Kill. 

2.3  LAST  K 1 V  LR  AND  WLsTtRN  LONG  1  BLAND  BOUND 

2.3.1  Former  New  York  Naval  Shipyard,  Brooklyn 

The  former  New  York  Naval  Shipyard  is  located  1 .  /  miles  northeast  of  the 
Battery  on  the  Brooklyn  side  of  the  Last  River  in  Wallabout  Basin.  There  are 
tnree  piers:  Li,  J,  and  K.  These  piers  are  owned  by  the  city  of  New  York  ana 
operated  by  Beatrain  Shipbuildiig  and  Coastal  Drydock  and  Repair  Corporation  as 
mooring  piers  for  outfitting  and  repair.  There  are  a  total  of  10  berths  o  5  e  - 
590  ft  long,  with  10  ft  deck  height  and  25-4  0  ft  depth  alongside  at  M  L  W .  Itie 
channel  is  dredged  to  40  ft  up  to  the  shipyard,  but  the  current  in  the  East 
River  is  strong  and  congestion  is  heavy;  caution  snould  be  exercised  in 
navigating  this  river.  access  to  the  piers  requires  passage  under  the  Manhattan 
Bridge  (suspension  open  with  a  clearance  of  134  ft  and  the  Brooklyn  bridge 
^suspension  span  with  a  clearance  of  12/  ft,!. 

2.3.2  South  Street  Seaport  Museum  .Owned  by  City  of  New  York. 

T n  e  S  e  a  p  o  r  t  Museum  is  located  on  the  west  side  of  tne  Last  River  about  one 
mile  northeast  of  the  Battery. 

2.3.3  Fort  Schuyler  (U.b.  Government  owned) 

Fort  Schuyler  is  located  on  the  outer  end  of  Throgs  Neck  Peninsula  at  the 
extreme  western  end  of  Long  island  Sound.  There  are  two  wharves  here. 

2.4  NEW  YORK  HARBOR  MISCELLANEOUS  AND  SMALL  CRAFT  FAC1LI11LS 

Within  a  25  mi  I  e  radius  of  the  Statue  of  Liberty  the  r  e  a  r  e  m  o  ■'  e  t  h  a  n  ’ : 
miles  of  waterfront  including  numerous  bays  and  interconnecting  waterways. 
Jamaica  Bay  ,via  Rock  a  way  Inlet)  is  a  large  bay  (  x  3.->  miles  used  ext  on  ,  e  . 
by  pleasure  craft.  Nneepshe  d<i  Bay,  north  of  Ro.kuway  inlet,  is  well  p  r  o  t  e  <  *  «>  i 
arid  used  by  numerous  pleasure  and  tishinu  craft.  ore  u  i  “.ills  a  >•;.,■>• ,  a  >.“i w 
bight  on  the  south  side  of  Staten  island,  is  an  e  n ..  I  a  n  \  h  ■  ••  a  ;  e  ,  sed  By 

i  r aft. 
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Listen  ester'  bay  in  western  Long  I  $  1  a  n  a  sound  is  used  by  numerous  s a  :  : 
craft,  Out  caution  must  be  used  as  the  snores  are  f  r  i  n  j  e  ;  w  :  h  D  o  j  i  d  e  r  s  an: 
there  are  many  snoals.  Manhasset  Bay  , western  Lony  Island  bound,  offer, 
excellent  shelter  for  vessels  witn  12  ft  or  less  draft.  jyster  bay  on  the  no 
shore  of  Long  Island  provides  yood  onchoraye  for'  small  craft. 

There  are  numerous  other  small  bays  and  inlets  which  could  offer  ■ 

anchorages  for  small  craft.  bn  all,  enclosed  Days  wfn.n  offer  pru  tec  t  i  .-n  *■  o 
both  wind  and  sea  as  well  as  yood  holding  for  anchors  should  be  const  J  e  r  on 
after  checking  witn  Knowledgeable  local  seamen. 

2.5  CHANNLLS 

Tne  principa’  entrance  into  ‘lew  York  Harbor  is  via  Ambrose  channel  i  n  t 
Lower  Bay  and  then  throjgh  •*n,norliye  channel  .an  extension  of  Ambrose  t  >  t  n 
Upper  Bay.  ‘luason  Liver  .nan n e  1  continues  northward  from  tne  Battery  Sr  0r. 
five  miles  to  «es‘  •.  -tn  s: --eet.  “-larmattan .  Project  dept"  for  these  enamel  • 
45  f  t . 

The  Lower  bay  nay  also  be  entered  through  Sandy  Hook  Channel ,  which  '  e  a  u 
to  berths  in  the  western  and  soutnet  n  portions  of  tne  Lower  Bay.  Sandy  no;,. 
.nanne  1  has  a  project  depth  of  3;  ft.  T  e  r  i  n  a  I  hannel  ,  with  project  depth 
35  ft,  leads  from  Sandy  Hook  Terminus  to  Leona- cj  biers.  Shape!  H 1 1 1  . nar-e' 

leans  from  sandy  Hook  Terminus  bar «.  to  Ann  rose  off  uiey  Island  at  a  p>'cj  •. 
d  e  p  t  n  of  3  0  ft. 

bay  Ridge,  Red  iiook  and  L  jttern  i  I  k.  .  nanne  1  s  i  *i  the  'coper  bay,  s>  i  -'t  *  *•  e 
western  shores  of  Long  Island  from  Hay  Ridge  to  cast.  River  at  ; ,  n  t  r  o  11  1  n  ;  : 
of  3  2  to  4  0  ft.  !le.i  York  and  New  Jersey  Channels  1  ea-i ,  via  Mil  Van 
Newark  Bay,  thence  via  Arthur  Kill  around  St1  ten  Island  at  a  project  dept"  ■i 
35  f  t  . 

Long  Island  Sound  Approach  to  Throgs  beck,  then  Last  River  to  p p - ■  -  I  a ,  . 
has  a  minimum  depth  of  35  ft. 

2.o  RLFLRLNCIS  AMU  CHART.) 

The  following  publications  and  charts  provide  detailed  information  on  Me 
York  Harbor  and  its  facilities: 

DMA  Hydrographic/  Topographic  center,  19/9:  Publication  44  j,  n a p t e *• 

Fleet  Guide  New _ York . 

U.b.  Departm  ent  of  commerce,  i  J ' :  _  •  •  :  states  •  oast  Pilot  2,  A 1 1  a  n  t  i ...  -mi 

Rape  Co-1  to  Sand/  Hook  . 

United  tates  io  vernm-nt  Printing  i)  f  t  i  u-  Wash  i  n<;  ton  ,  or  ps  of  c  ny  '  nee* 

USA,  Port _ series  So.  J>_-_  I_ne_  \)rt  of  New  v  in  \  ,  MY  L  u:io_MJ. 

U.S.  Department  ')f  -'loin  nierce,  -  hart  Nos.  !2UL;  -Me-  •  -  >  Harbor  .  ,  .23)4  Mew  • 

Harbor  -  Upper  Bay  and  Marrows),  1 2  u3‘>  i  Hudson  and.  -  act  Rive’'-  ,  i  2  ■' *  • 
-.Last  River  -  I  a  I  1  n  a  r>  I  s  I  and  to  ;  u  ee  n  c  :.i  o  r  o  Bridge'.  1  2  3  n  ■  .tong  .  <.  '  *  n  . 
Sound  -  western  Part',  12341  ^Hudson  Ri  ver-Iiays  p*.  to  ueorye  * - 
Hr  i  dye),  12350  :.  1  am  1 1  '  -i  Bay  and  Rock  away  Inlet  . 
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3.  HLAVY  WLAIIUR  CONS  I  Ot  R  A  !  1  ONS 


\  -  \  *  ..  w  j  f;  r  j  IS  ••■nu  J  T  l  n  t  w  J  •  S  C  ‘  S  !  j  ^  e  S  t 

,1  .  ;  .•  •  vi  r  !.•  j  s  .  •  1  i  'j  *  u  t.  •.  j  St.1  i  t/  i  vi'S  o  re  C  0  n  S  i  0  t:  r  tr  J  S  j  ?i. e  0  f  t  n  tr  D  i-  S  t 

,  •  i  via  ■  'jij  .j  v  a  i  (  j  L)  i  i  1  1  v  I  >  «.  >  t*  ■  i  tr  r I  t  wlt.fi  S  t ‘  /  c  r  d  i  1  o  f~  y  e  COin^fe'L  1  d  i  t  1  ■'  i' 

.  )  •  *  ji,r  :  j  i '  u  t  L  i-  p  ^  ..  »  /  T  0  r'  :  .  .  \  d  V  a  !  SHlpS  eHt  e  t*  1  H  Cj  %  e  w  f  0  r‘  K 

;  1  :  .  t  i  j  •?.-  v.  ;  t  ;  •  '  i  !  snips.  bandy  Hook.  V  1  i  o  T.  s  w  1  i 

.  ,  •_  *  n-'  t  1  a  r.  1 1  •  ,  wm  !►*  r,  j  j  t  e  Pilots  ,  »i:  e  i:1  De  »'  s  of  \.  t \  . . 

;  •  '  ■  ■ .  t  S  S  Iwl  jv  '  -,r  W  1  i  i  r  •  i  .  *  S  f  ■  .  p  S  1  rl  0  0  -  M  J  ■  0  U  1 1)  O  U  M  0  t  r-  f  <J  U  9  H  L  v  !  •  c, 

4  ’’  : .  •  »■  s.  ..4  r  '■  ■..*  l-  *  f  :  c  t_*  \ _ j  ^  1  Sc _ j_0  V. _ t_0  t*  k  0  f  i.  J  d  5  t_  P  1  i  o  t  -  2  fo?' 

i  -•  o  .1  rl  :  s  ,•  *. ..  r.  r*.  0  *'  1  r:  f  j  ri.  j  :  :  :  n  . 


«  *"  w  ’  r  •  1  S  ?'  '  i  « •  f  c  0  f  i.  v  ci  p  f'  o  t ».  s  t.  0  0  n  d  r'  0  0  r  except  in  t  n  k:  r  a  *’  r  nr  v  0  r  t  0 

i- ••  1  .  •  iiji  >  j  ;  ffc.c  anjtji  i  f »' o  1:  uie  open  ocean  ntCby.  Se:'i- 

a  j  c  •  ju.ui'o'ivi  1  ■ f  r  ..  d  v .) !  I  o  &  i  !  1  c  y  *j  t  1.1  <3  n  y  tA.e  1  lent  0  e  <■  t  n  :  n  c 

*  :  ’  .  ■  •.  !  e  --  *  n  >  c  h  ; any  ^asec  c  •  e  pror  ec  te-1  0  ,  ootn  n  e  t  u  r  c  i  geoiojical 

ft  J...'  i  a  I  T  ?;  d  l  .  >  « S  --  u  let  ale  thdt  tf.e  safety  Of  snips 

a  .  v  ;  1  n  s  e  ;  e  -  e  1.'  a  ;  o  ■'  ^  ;  r-  •-  d  e  r  t  n  s  t  n  a  n  at  sea  0  r  a  t  j  n  c 

v  1  ■_'*  a  \  i  f1  f  j  ►.*  *  t  n  1  s  t  a  l  e  involves  seen  v  a  n  i  a  0  1  e  s  as  a  _  c  e  s  s  i  D  l  1  1  t  y  , 

.tec  t  •  •'•  a  t  r  t  n  ’  r.  0  s  1  ye  ano  aiOr.ysiae  0 «?  p  t  h  as  well  aS  contention  to 

a'-.!  .j  ;i.  p  r :  on  .esse  I  s.  witn  nunareds  of  piers,  wnan.-es  anc  docks  in  t  n 
'  ,  i-  a  ‘,ew  Jersey  j  ,rt  complex,  eve  i  uati  on  of  suitable  berths  has  necessarily 

■  •.-•>.  i  e  :  .  t  Mi'  : :  a  ;or  i  I  1  t  a  ry  piers,  to  the  major  coo:.fi;ij!  p  i  e  •’  s  ,  a  no 

t  •.  v.  jse  p  1  e  '*  s  w  'ii  c  n  are  occasionally  oseo  by  the  Navy.  A  detailed  evaluation 
.  ‘  ..cton:,  piers  aii'i  anc  ho  r  a  yes  is  given  in  i'aro.  o.i,  "Remaining  in  Port." 

j  .  ;  -J  ^  r’.\  ■  N 1  ’  r'  ■<  L  0  i  A  '*  '  .  1 1 N 

.  ■  a  di."  ,  Neva!  base  Philadelphia,  is  the  area  couruinator  for  disaster 

e  p  a ,  s  ,,  nni  ng  ann  opera*.  ’  ons.  NAVStA  NY  Instruction  3140.1  is  the 

.•es*.  r  a  e  a  l  he  >  Rian  whun  will  be  executed  by  Naval  3 1  a  1 1  on  New  York,  in 

*  'if  .•  /  ,*•>*.  t  forecast  or  existing  heavy  weather  in  New  York  Ha-bo*-.  NAVbl  A 

N  •.  4v',n  ,  >I..P  A  ■,  AU  MIN;  sets  forth  the  rules  and  regulations  for  visiting 

•,  nips  iM  the  New  Y  0  -  k  Mrli  or  area  . 

pen  n  )*  1  f  1  cat  1  Ofi  !)v  Commander  ,  Naval  Case  Philadelphia,  that  storm 
chi, i  1  f  •  on',  are  being  s-t,  the  Commanding  Officer,  Naval  Station  New  York,  will 
is  .  1  the  appropriate  weatner'  condition  messages  to  all  naval  com  maims  and 
1  ti.it  ics  within  f  he  New  Y  ■>  rk  Harbor  area.  NAVSIA  N  r  !  N  S 1  sds'l.li  provides 
rica.y  wrath'  guidance  t  •,  r  ships  within  New  lore  itu-bur  area. 
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4.  TROPICAL  CYCLONES  AEFLCTING  NEW  YORK  HARBOR 

4.1  CLIMATOLOGY 

A  tropical  cyclone  threat  is  defined  as  any  tropical  cyclone  app'ujching 
within  180  n  mi  of  the  New  York  Harbor  complex.  Some  storms  passing  outside 
this  radius,  however,  may  still  have  considerable  effect  upon  the  hdriiur. 
Information  on  Atlantic  tropical  cyclones  which  passed  near  New  lore  HarDc  is 
available  back  to  the  year  18/1. 

The  data  used  to  generate  approach  direction,  strike-  probabilities  and  tire 
to  closest  point  of  approach  (CPA),  which  are  shown  in  fig  ..res  X  v  I  -  *j  through 
XV I  - 1 0  were  extracted  from  the  109-year  period  18/1- iu 'a.  A  stijrtv  period  of 
94  years,  1886-1979,  was  used  to  construct  the  seasonal  i  n  *  u  r  m  a  t  i  .>  :i  le  pitted  ’  n 
Figure  XV  1-b  (storm  center  wind  information  was  not  available  until  .  ■  o  . 

Historically,  tropical  cyclones  can  occur  i n  the  North  Atlantic  1 n  a n } 
month  of  t  h  e  y  e  a  r .  With  the  exception  of  a  tropical  cyclone  in  , ...  e  .  e  m  t  r  ■>  2  N 
and  one  in  February  1962,  however,  all  recorded  threats  to  New  t  cu  -arr.  ur 
occurred  from  June  through  November. 

Figure  X  V  I  -  b  is  a  monthly  summary  of  tropical  cyclone  t  h  r  e  a  t  o  ■.  c  u  r  •-  c-  r  .  e 
for  the  harbor  area.  An  average  of  0.82  tropical  cyclones  per  yea--,  ,,  r  about  A 
in  each  6  years,  pass  within  180  n  m i  of  New  Y  ork  Harbor.  <  orty  percent  of 
these  (.33  per  year,  or  1  every  3  years;  were  at  hurricane  strength  whiie  w  •  t  n  i  s 
the  180  ri  mi  radius. 

For  the  109-year  period  1871-1979,  a  total  of  88  tropical  cyclones  have 
threatened  New  York  Harbor.*  Peak  months  of  threat  are  August  and  be p ten  be. 
with  6  b  percent  (6/  of  88)  of  all  tropical  cyclones  and  8  1  percent.  .28  jt  y .  ct 
all  hurricane  (winds  >63  kt)  threats  occurring  in  those  two  months. 

Figure  X  V  -  b  shows  the  directions  by  compass  octant  from  which  t  r  o  p  i  .  a  I 
cyclones  approach  the  New  York  Harbor  area.  The  most  frequent  threat  is  t  >'  c  r 
tropical  cyclones  that  approach  from  the  suutn  and  southwest.  The  normal  path 
for  a  tropical  cyclone,  once  it  has  reached  the  latitude  of  New  York  harbor,  is 
one  of  recurvature  toward  the  northeast.  This,  when  combined  with  the  land 
shape  of  the  eastern  seaboard  of  the  United  States,  dictates  that  most  storms 
either  make  landfall  well  to  the  south  of  New  York  Harbor  --  thus  losing 
intensity  prior  to  threatening  New  York  --  or  pass  clear  offshore  to  the  east. 

Un  rare  occasions,  however,  unusual  weather  patterns  can  force  tropical 
cyclones  to  adopt  a  northerly  or  northwesterly  path,  which  may  lead  them  to  make 
a  direct  landfall  from  the  open  ocean  near  New  York.  The  disastrous  New  Lngland 
hurricane  of  September  1938  is  a  notorious  example,  and  Hurricane  Carol  of  1964 
closely  a p p r o a c h e d  this  situation.  i h e s e  intense  storms  passed  to  the  east  of 

*1 ota  1  threats  to  New  York  Harbor  actually  were  89:  One  looping  storm  in  1961, 

F  s  t  e  r  ,  posed  two  threats  -  -  the  first  on  September'  21  and  the  second  on 
September  2b. 
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Figures  X  V  I  -  8  through  XV  1-10  indicate  some  seasonal  variations  in  principal 
threat  directions.  (Light  lines  show  percent  threat  to  the  area  encompassed  by 
the  130  n  mi  circle  centered  at  New  York  Harbor.  Heavy  lines  show  approximate 
t  i  in e  to  CPA.) 

Speed  or  movement  can  vary  widely  from  storm  to  storm.  For  example,  the 
September  1938  hurricane  cut  the  "average"  predicted  climatological  time  in  half 
as  it  moved  from  a  position  due  east  of  southern  Florida  to  the  New  York  area  in 
less  than  30  hours.  Rapid  movement  such  as  occurred  with  this  storm  not  only 
decreases  warning  and  preparation  time,  but  increases  the  chances  of  the  storm's 
being  more  intense  upon  arrival  as  the  forward  movement  adds  to  the  speed  of  the 
winds  in  the  dangerous  right  semicircle  of  the  storm. 

The  months  of  July  and  August  are  the  start  of  the  major  hurricane  season. 
Twenty-six  of  the  88  storms  (about  one-third)  occurred  during  these  two  months. 
The  primary  threat  path  is  that  described  by  Figure  X  V I  -  7 ,  but  a  secondary 
threat  exists  from  the  Gulf  of  Mexico  area  with  approach  from  the  southwest 
overland  through  South  Carolina  and  Virginia  (Figure  X  V I  -  8 ) .  The  source  region 
for  most  of  these  secondary  threat  storms  is  the  western  Caribbean. 

September  has  been  known  historically  as  the  month  of  hurricanes  (Figure 
XV 1  - 9 ) .  Close  to  40%  (34  out  of  88)  of  the  tropical  storms  to  affect  the  harbor 
occurred  in  this  month.  Tropical  cyclone  paths  to  New  York  during  September 
contrast  with  July  and  August  paths,  in  that  they  more  closely  follow  the  Gulf 
Stream  and  fewer  make  landfall  along  the  East  Coast.  The  great  majority  of  the 
September  storms  (29  out  of  34)  remained  at  sea  well  to  the  southeast  of  New 
York.  Four  of  these,  however,  crossed  over  the  eastern  portion  of  Long  Island 
and  one,  the  1821  storm,  passed  just  east  of  the  harbor.  They  were  some  of  the 
most  destructive  storms  on  record  at  New  York  Harbor. 

The  period  October  through  June  (Figure  XVI-10)  covers  nine  months  and  only 
about  one-third  of  the  tropical  cyclones  that  affected  New  York  Harbor.  The 
majority  of  the  paths  have  been  from  the  Gulf  of  Mexico  through  the  panhandle  of 
Florida,  then  overland  paralleling  the  Eastern  Seaboard.  For  the  period  1886- 
1979,  only  four  off-season  tropical  cyclones  reached  New  York  while  still 
maintaining  hurricane  intensity  at  CPA  during  these  months  (3  in  October,  1  in 
November ) . 

For  all  months  of  the  94-year  period,  1886-1979,  31  tropical  cyclones  were 
at  hurricane  strength  (^6  4  kt)  while  within  the  180  n  mi  radius  of  New  York 
Harbor.  Of  these  31  hurricanes,  25  passed  to  the  east,  3  went  to  the  west,  and 
3  passed  basically  to  the  south  of  the  harbor.  Speeds  of  approach  for  typical 
tropical  cyclones  vary  from  10-15  kt  while  in  the  tropics,  but  up  to  25-30  kt 
near  the  New  England  Coast. 
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4.2  WINDS  AND  TOPOGRAPHICAL  EFFECTS 

Wind  records  for  the  New  York  Harbor  area  date  back  to  1  3  69  when  wind  and 
temperature  recordings  were  made  in  Centra)  Park;  accurate  hurricane  wind  data 
from  this  site  first  became  available  from  1393.  Wind  records  for  this  study 
were  collected  from  five  sites  including  Central  Park.  The  sites  were  selected 
to  provide  both  exposed  and  relatively  sheltered  locations  and  to  ensure  a 
continuous  record  of  data  over  the  years  of  interest.  Some  sites  had  broken 
periods  of  recorded  data.  Locations  (Figure  XV  I  - 1 1  a )  and  years  of  coverage 
wer  e : 


(1) 

Centra  1  Park  ,  NY 

1893-1979 

(2) 

Sandy  Hook,  NJ 

1914-1945  , 

1966-1979 

(3) 

Floyd  Bennett  Field,  NY 

1941-1970 

(4) 

La  Guardia  Field,  NY 

1939-1979 

(5) 

Newark  ,  NJ 

1931-1979 

Examination  of  the  records  from 

these  sites  revealed  that  only  one  storm 

produced 

sustained  hurricane  force  winds  (^64  kt)  in  the  New 

York  Harbor  area 

from  1893 

to  1979.  The  14  September 

1944  hurricane 

produced 

sustai ned  winds 

that  were  recorded  at  64  kt  in  Central  Park  and  70  kt  at  La  Guardia  Field.  The 
more  exposed  site  at  Sandy  Hook,  NJ ,  recorded  near  hurricane  velocity  at  63  kt. 

Other  hurricanes  that  caused  considerable  damage  in  the  harbor  area  were 
the  storms  of  3  September  1821,  21  September  1938,  30  August  1964  (Carol)  and  12 
September  1960  (Donna).  Figure  XV  I  - 1 1  a  illustrates  the  paths  of  these  Storms 
through  the  New  York  Harbor  area  and  shows  the  locations  of  the  recording  sites. 
Table  X V 1  - 1  is  a  comparison  of  the  recorded  wind  strengths  at  these  sites  for 
the  four  major  storms  of  the  period  1893-1979. 


Table  X  V I  - 1 .  Recorded  wind  strengths  at  New  York  for  the  four  most 
destructive  hurricanes  on  record  (1893-1979). 


Winds  (Sustained/Gusts,  in  kt) 

Storm  Max 

F  1  oyd 

CPA* 

Wind  at 

Centra  1 

Sandy 

Bennett 

La  Guardia 

Newark 

Storm 

( n  mi) 

CPA  (kt) 

Park 

Hook 

Field 

Field 

N.J . 

21  Sep  1938 

110 

8  b 

54/61 

43/49 

_ 

_ 

42/- 

14  Sep  1944 

60 

75 

64/70 

63/78 

50/- 

7  0/93 

4  8/74 

30  Aug  1954 

60 

85 

40/42 

- 

35/4  5 

45/60 

3  7,  48 

12  Sep  1960 

60 

90 

49/53 

- 

34/55 

55/84 

38/50 

CPA  -  Closest  Point  of  Approach  of  storm  center  to  40. / N  latitude, 
7  4. 0  W  longitude. 


Figure  X  V I  - 1  lb  depicts  the  track  segments  of  tropical  cyclones  that 
occurred  during  the  period  1945-79  and  resulted  in  strong  winds  (>2?  kt)  at  La 
Guardia  Field,  NY.  The  dotted  segments  of  the  tracks  depict  center 
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Figure  XVI— 1 1 b.  Positions  of  tropical  cyclone  centers  when  strong  winds 
and  gale  force  winds  (see  figure  legend)  occurred  at  La  Guardia  Field,  NY, 
(1945-79) . 


positions  where  the  storm  caused  gale  force  winds  at  La  Guardia  Field.  The 
majority  of  these  tropical  cyclones  were  moving  on  a  track  from  SSW  to  NNE 
through  the  area.  Gale  force  winds  occurred  mainly  while  the  tropical  cyclones 
were  southeast  or  southwest  of  the  harbor.  Gale  force  winds  occurred  with 
centers  as  far  as  240  n  mi  away. 

Topographi cal  features  will  dictate  to  a  great  extent  the  amount  of  wind 
protection  at  any  one  particular  site  in  the  New  York  Harbor  area.  Wind 
protection  is  also  offered  by  the  massive  buildings  that  surround  much  of  the 
New  York  Harbor  area.  The  combined  effect  significantly  reduces  the  forces  of 
strong  winds  at  piers  or  anchorages  in  close  proximity  to  these  features. 

The  Lower  Bay  is  generally  not  protected  from  strong  winds  due  to 
surrounding  flat  terrain  to  the  west  and  south  and  open  water  to  the  east. 
Staten  Island  and  western  Long  Island  offer  some  protection  to  the  north.  Sand 
Hook  Bay  is  exposed  from  all  quadrants.  Raritan  Bay,  in  the  extreme  western 
reaches  near  Perth  Amboy,  is  somewhat  protected  from  north-south  winds  but 
exposed  to  east-west  winds. 

Upper  Bay,  though  somewhat  protected,  has  enough  fetch  for  considerable 
damage  from  wave  action  in  strong  winds,  especially  from  a  wind  set  from  a 
northwest  direction  that  sweeps  across  the  flat  areas  of  Newark  Airport  and 
Bayonne  Peninsula.  This  was  demonstrated  by  the  21  September  1938  storm,  where 
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strong  winds  from  the  northwest  battered  piers,  bulkheads  and  berthed  craft 
(primarily  barges)  along  the  eastern  side  of  the  harbor  at  the  Brooklyn  Bay 
Ridge  section. 

Some  caution  should  be  used  when  assessing  the  value  of  particular  berths 
or  anchorages  during  a  hurricane  threat.  Some  may  offer  good  protection  from 
strong  wind/ wave  action  from  a  particular  direction.  However,  the  tight, 
cyclonic  circulation  and  storm  movement  typical  of  tropical  cyclones  can  cause  a 
sharp  change  in  wind  direction  and  can  change  a  protec  ted  position  into  an 
exposed  position.  The  predominant  direction  of  the  strongest  winds  associated 
with  past  major  storms  moving  through  the  harbor  area  has  been  from  the  west 
through  north  quadrant. 

The  lower  Hudson  River  is  well  protected  by  tiie  higher  terrain  and 
structures  to  the  east,  and  the  New  Jersey  Palisades  to  the  west.  There  is  a 
narrow  window  of  exposure  to  north-south  winds.  The  western  reaches  of  Long 
Island  Sound  are  generally  not  well  protected  from  high  winds  except  in  some 
areas  of  semi -enc 1 osed  bays  such  as  Manhasset  and  Oyster  Bays. 

4.3  WAVE  ACTION 

Lower  Bay  is  subject  to  wave  action  due  to  an  open  quadrant,  east  through 
south,  to  the  Atlantic.  The  size  and  depth  of  the  bay  also  provide  sufficient 
fetch  for  a  strong  wind  to  generate  destructive  waves.  Deep  ocean  swell 
approaching  from  the  open  quadrant  would  be  reduced  by  shoals  at  the  entrance  to 
Lower  Bay  between  Sandy  Hook  and  Rockaway  Point. 

Upper  Bay,  Newark  Bay,  lower  Hudson  River  and  East  River  are  subject  to 
limited  wave  action  due  to  the  small  generating  area  afforded  to  the  wind. 
However,  strong  winds  have  generated  enough  combined  wind/wave  action  to  cause 
considerable  damage  in  the  Upper  Bay  (Para.  4.2). 

Long  Island  Sound  is  a  deep  water  sound  with  generous  fetch  in  an  east -  west 
direction  (>100  n  mi).  North/south  fetch  is  limited  to  about  20  n  mi  at  the 
widest  point.  Either  is  sufficient  to  permit  substantial  damage  from  waves  in 
strong  winds. 

4.4  STORM  SURGE  AND  TIDES 

Storm  surge  and  astronomical  tidal  conditions  can  combine  to  greatly 
increase  the  danger  and  damage  associated  with  a  major  storm.  Storm  surge  (an 
abnormal  rise  of  water  generated  by  a  hurricane),  when  combined  with  a  normal 
local  high  tide,  can  inundate  coastal  areas.  This  combination  also  provides  a 
high  water  level  upon  which  wind  waves  may  ride  to  cause  severe  destruction  to 
those  areas  not  normally  subjected  to  wave  action.  Combined  storm  surge  and 
tide  have  produced  high  water  levels  of  over  10  ft  above  MLW  in  the  New  York 
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Harbor  area  duriny  major  hurricanes  and  levels  yreater  than  16  ft  above  ML*  in 
western  Long  Island  bound.  figure  X  V I  - 1 2  shows  recorded  hurncane-indutta 
hiyh  water  marks  at  several  sites  in  the  New  York  Harbor  area  ana  western  Long 
Island  bound  for  two  major  hurricanes  that  made  landfall  in  the  area  at  or  n  e  a  > 
astronomical  high  tide. 

Those  recorded  hurricanes  that  caused  major  damage  in  the  New  fork  n a <•  b o i 
area  passed  east  of  the  harbor  (refer  to  Figure  XVl-lia)  and  generated 
substantial  storm  surge.  The  most  significant  differences  among  the  inundations 
associated  with  these  storms  were  the  timing  of  their  arrivals  in  relation  to 
the  local  astronomical  tides.  The  storms  of  1821  and  1944  arrived  at  or  near 
low  tide,  and  the  storms  of  1938,  1954  and  1960  arrived  at  or  near  high  tide. 

5.  THE  DECISION  TO  EVADE  OR  REMAIN  IN  PORT 

Instructions  to  Navy  ships  for  dealing  with  destructive  weather  in  the  New 
York  Harbor  area  are  found  in  the  SOPA  Manual  v f < A V S T A  NYINST  545U.1  ...  for  New 
York.  This  document  describes  hurricane  readiness  conditions  ana  the 
appropriate  actions  to  be  taken.  The  Department  of  the  Navy  considers  New  ».:>•* 
a  protected  harbor  except  in  the  most  severe  weather.  Ship  safety  is  consider.: 
to  be  more  assured  at  suitably  protected  New  York  Harbor  berths  than  at  s  l-  a 
at  Long  Island  Sound  anch-o rages. 

it  is  further  recommended  that  ships  moored  at  their  normal  berths  after 
Hurricane  Condition  Two  (hurricane  force  winds  within  24  hours)  has  been  set, 
should  consider  making  thorough  preparations  for  securing  at  these  turtns  rather 
than  risk  being  caught  in  strong  winds  during  close-quarters  maneuvering  fc>' 
alternative  berths. 

The  decision  to  evade  at  sea  or  remain  in  port  must  be  based  on  several 
f actors : 

(1)  Lxpected  Weather  Conditions 

Forecast  track  of  the  hurricane  relative  to  the  port 
Size  and  strength  of  the  storm 
Speed  of  approach 

Forecast  storm  surge,  tides  and  sea  states 

(2)  Harbor  Ch a r ac t e r l s t i c s 

Topography  of  the  surrounding  terrain  as  to  providing 
wind/ wave  shelter 

Quality  and  locations  of  moorings  and  piers 
Anchorage  holding  qualities 
Currents  and  maneuvering  room 
I  r  22  -  Harbor  congestion 
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High  water  marks  recorded  in  the  New  York  Harbor  area 
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y  , nip's  Characteristics 

opted,  seaworthiness  and  ability  to  maneuver  in  heavy  seas 

.hip's  relative  ability  to  withstand  adverse  weather  at 
a n ..  h o r  ,  moored  or  docked  alongside 

.era  11  condition  of  ship  and  crew 


: .  ■  ,  -  .  •  t  e .  a  J e  at  sea  in  the  event  of  a  threatened  hurricane  strike 
....  •  •  •■  :  •  y  some  of  the  considerations  discussed  in  this  subsection. 

•  ■  j.:es,  however,  that  (1)  New  York  Harbor  provides  a  semi  - 

;  •  •••  •••:  n  •<"  t  with  excellent  berthing  facilities,  and  (2)  that  all 

•:  •  ’  , 1  : . ■  ■  e i ,  snip  safety  is  more  assured  in  protected  berthiny  within  the 

■  .  '  ,  .  j  p  t  a  >  n  ■!  j  s  t  make  a  decision  to  evade  at  sea  or  remain  in  New  York 

••  i  •  i  ;■■■•'  •.  in  time  i  36-48  hours  prior  to  destructive  force  w  i  nd  s ;  when 

j  »  p  r  . :  b  ’  '  i  t  y  that  the  hurricane  will  actually  strike  the  harbor. 

■  ■■  •  •  •  ,t  jr  tor  storms  approaching  the  New  York  area  at  Hurricane 

■  -  ;  ;  ;  i~.  n o u *•  forecast)  is  yreater  than  300  n  mi  ,as  shown  in  Figure 

•  >  .  v  , ;  j,,iddiice  section  of  this  Handbook  j.  It  should  also  be  noted 

•'■■■  New  ■  j  i'  i  a  red  experiences  one  of  tne  lowest  frequencies  of  hurricane 
n  . jf  any  area  along  tne  Gulf  and  Atlantic  coasts.  Further,  the 

>f  >ui..essful  evasion  at  sea  is  decreased  by  the  high  speed  of 
j : . d r . e  *  a  «dj or  storm  and  the  uncertainty  of  its  path  at  recurvature 
latitudes.  of  tnese  meteorological  factors  support  a  decision  to  remain  in 

kio  o  . 

: n  tne  other  hand,  there  is  no  record  that  the  New  York  Harbor  area  ever 
nas  faced  the  "worst  case"  in  which  a  major  hurricane  makes  direct  landfall  just 
to  the  west  of  tne  port.  Second,  there  are  few  berths  with  all-round  protection 
from  wind  and  wave  action.  Third,  New  York  Harbor  is  large  and  congested,  and 
the  danyer  of  damage  from  ships  or  baryes  adrift  or  major  debris  afloat  must  be 
considered.  These  three  considerations  warrant  further  discussion. 

The  hurricanes  that  severely  damaged  the  harbor  area  were  discussed  in 
Section  4.2.  Two  facts  are  noteworthy:  (l)  All  of  these  storms  passed  to  the 
east  of  the  harbor,  placing  the  harbor  area  on  the  less  destructive  side  of  the 
storm;  and  (2)  Maximum  sustained  winds  in  the  harbor  area  were  at  hurricane 
strength  for  only  one  of  the  storms  on  record. 

A  storm  with  a  speed  of  advance  of  30  kt,  which  is  not  unusual  for  this 
latitude.c a ri  easily  have  winds  b0-60  kt  higher  in  the  right  semicircle.  Should 
a  hurricane  with  characteristics  similar  to  those  depicted  in  Figure  XV I  - 1 1 , 
take  a  path  slightly  more  northwesterly  --  which  wou  d  place  the  New  York  Harbor 
area  in  its  strong  semicircle  -  -  a  d  i  s  a  s  t.  e  r  of  major  proportions  would  be  quite 
possible. 


XV 1-24 


\K\\  ^  OHk.  \\ 


the  surrounding  topography  and  massive  buildings  do  offer  protection  in 
many  areas.  Because  of  a  hurricane's  physical  makeup  and  unpredictability, 
nowever,  major  shifts  in  wind  direction  can  occur  during  storm  passage.  In 
jrJer  to  assure  good  protection,  a  barrier  would  have  to  provide  a  full  3 C j 
degrees  of  coverage.  Any  topographic  feature  can  serve  as  a  barrier  to 
w  i  n  d  w  a  v  <•  s  at  a  given  time,  but  it  could  also  funnel  energy  if  the  wind  shifts 
tj  a  new  „ sad  rant.  Ihis  could  be  disastrous  to  a  ship  at  anchor,  especially  to 
one  with  marginal  holding  or  swing  room. 

New  fork  Harbor  is  a  mixture  of  older  berthing  j  r  e  a  s  .many  of  them  unused; 
and  m  o  d  e  r  n  new  container,  petroleum,  steamship  and  general  t  e  r  u:  ’  n  a  1  s .  while 
providing  excellent  berthing  in  many  areas,  New  York  Harbor  also  could  produce 
major  debris  during  a  severe  storm  that  broke  up  older  ureas  j t  neglected 
waterfront.  The  size  and  complexity  of  the  harbor  area  also  increases  the 
potential  for  ships  or  barges  to  break  their  moorinys  and  be. oat-  p  o  t  e  n  1 1  a 
dangers  to  other  vessels. 

5.2  EVASION  CONSIDERATIONS 

If  it  is  decided  to  evade  at  sea,  consider  the  following:  1,  ■ a c e s s a r y 

safe  transit  time  to  open  ocean,  \2)  present  position  of  storm,  3:  -turn  speed 

of  approach,  and  (4)  most  likely  storm  path. 

Given  the  evasion  decision,  it  is  very  important  to  assess  the  threat 

correctly  and  take  quick  action.  Figures  X  V  I  -  7  through  X  »  I  -  I  :J  show  average 

travel  time  for  storms  to  reach  the  New  York  Harbor  area.  The  21  September  19  3- 
storm,  however,  moved  from  a  position  east  of  Florida  (2/°N,  74cw  to  the  harbor 
area  in  30  hours  versus  the  3-4  days  average  travel  time. 

Each  threat  must  be  judged  on  its  individual  merits,  but  historically  there 
are  two  threat  locations  for  storms  that  ultimately  pass  within  130  n  mi  of  New 
York.  Duriny  the  3-4  days  prior  to  passage,  the  threat  storms  are  typically 
located  (1)  east  of  Florida  and  north  of  the  D  o  d  j  m  a  s ,  or  (2)  in  the  Gulf  i  f 
Mexico. 

(1)  East  of  F 1 ori da/North  of  Bahamas 

The  hurricanes  that  approach  from  this  area  and  follow  the  general 
contour  of  the  East  Coast  pose  the  greatest  threat  to  the  New  York  Harbor  area. 
A  storm  east  of  75°W  at  30°N  will  pose  less  threat  probability  than  one  to  the 
west  of  75°W,  because  norma!  recurvaturp  will  further  reduce  its  chances  of 
hitting  the  New  York  Harbor  area  as  it  moves  north. 

There  are  meteorological  indicators  that  forewarn  of  a  bad  storm  in  the  New 
York/ New  England  area:  a  strong  recurving  hurricane  near  the  East  'oast;  a  high 
pressure  area  or  ridge  in  the  western  North  Atlantic  blocking  recurvature;  and 
an  advancing  trough  of  low  pressure  in  the  eastern  I'.V  Ihese  special  synoptic 
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features  promote  rapid  acceleration  into  the  New  England  area  with  little 
weakening  of  the  storm. 

forties  should  be  to  Long  Island  bound  or  on  a  southeast  heading  to  clear 
to  the  southeast  side  of  the  projected  track  of  the  hurricane.  The  sortie  also 
mus'  be  initiated  early,  because  the  majority  of  the  storms  off  the  New  England 
..oast  accelerate  along  a  track  in  a  northeasterly  direction  well  south  of  Cape 
i.  O  d  ■ 

■,  2  )  Cult  of  Mexico 

Hurricanes  that  approach  to  within  1  <3  0  n  mi  of  the  New  York  Harbor 
area  from  this  region  generally  weaken  during  their  overland  passage  and  are  not 
considered  a  major  threat  to  the  harbor. 

5.3  REMAINING  IN  PORT 

All  ships  are  advised  to  remain  in  New  York  Harbor  in  the  event  of  a 
forecast  hurricane  -.trike,  assuming  that  adequately  protected  berthing  is 
dvalable.  If  the  predicted  tnreat  is  an  average  hurricane  of  moderate 
strength,  then  the  rec uni  mend  a t i on  is  to  utilize  normal  berths  with  normal 
hurricane  p  rec  a  u  ’  i  i  n  s  as  outlined  in  NAVbTANY  Destructive  Weather  Plan  NAVbT  ANY 
I N  s  I  314  0.1). 

.  t  the  t o >■  m  is  forecast  as  dangerous,  with  center  winds  well  above 
h  u  r  i  .  a  n  e  strength  --  or  if  the  previously  mentioned  "meteorological  indicators 
tnat  forewarn  of  a  bad  storm  ..."  exist  as  synoptic  features  --  then  the  recom¬ 
mendation  is  to  '-ebert.h  if  necessary  at  the  most  protected  berth  available  and 
to  take  ex  t  ruord  i  n  ary  precautions  in  securing.  Pier  height  will  be  a  p-'imary 
consideration  duo  to  loss  of  protection  at  lower  piers  ( i . e . ,  <10  ft  above  MLW 

with  the  rise  or  water  caused  by  possible  accompanying  storm  surge.  Evaluation 
of  berthing  areas  should  also  consider  wind/wave  protection,  area  congestion, 
and  pier  strength. 

5  .  j  .  L  ueneral  Assessment  of  Berthing  Facilities 

(1)  Lower  New  York  Bay  including  Sandy  Hook  and  Raritan  Bay),  in  general, 
does  not  afford  adequate  protection  for  berthing  during  a  hurricane.  With 
more  than  10  miles  of  open  water  in  a  N-S  fetch  and  12  miles  E  -  W  ,  piers  and 
berthed  craft  open  to  the  bay  could  sustain  substantial  wind/ wave  damage  in  a 
major  storm.  Lloyd  Bennett  Field  Wharf,  even  though  in  an  enclosed  hay,  is 
exposed  to  high  winds  from  all  quadrants  due  to  surrounding  low  terrain. 

(2}  Upper  New  York  Bay,  Newark  Bay  and  the  lower  Hudson  River  provide 
areas  which,  depending  upon  location,  offer-  partly  protected  anchorages  and 
berthing.  Due  to  the  small  number  of  IJ.S.  Navy  ships  that  are  in  the  New  York 
Harbor  area  at  any  one  time  and  the  large  number  of  berths  available,  adequate 
berth  i  ng  availability  is  not  <  ->ns  i  .ie>  a  p'ub  I  era  . 
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The  Military  Ocean  Terminal's  (Bayonne,  NJ  J  northside  berths  are 
considered  adequate  except  for  the  most  severe  storms.  The  south  and  east  side 
berths  are  more  exposed.  The  Coast  Guard  piers  on  the  east  side  of  Governors 
Island  are  protected  except  for  southwest  wind/wave  fetch.  The  Passenger  ship 
Terminal  berths  on  the  east  side  of  the  Hudson  River  are  well  protected  except 
for  direct  north-south  winds.  Piers  1  through  12  of  the  B rook  1 y n - Po r t  Authority 
Marine  Terminal  are  all  considered  adequate  except  for  the  most  severe 
condi t i on  s  . 

Columbia  Street  Marine  Terminal  affords  good  protection  in  Gowanus  Bay. 
Elizabeth  and  Port  Newark  are  good  storm  berthing  areas,  but  are  somewhat 
exposed  to  strong  east/west  winds  with  Newark  Airport  to  the  west  and  the  Newark 
Bay  to  the  east.  Howland  Hook  is  protected  by  Staten  Island  to  the  east  and 
Elizabeth  to  the  west.  (Access  to  these  last  three  berths  in  Newark  Bay  is  more 
di f f i cult. ) 

(3)  The  East  River  and  western  Long  Island  Sound  offer  fewer  adequate 
berths.  The  former  New  York  Naval  Shipyard  offers  excellent  protection  in 
Wallabout  Basin  on  the  East  River.  South  Side  Seaport  Museum  piers  are  somewhat 
protected,  but  are  not  recommended  due  to  the  presence  of  permanently  moored 
vessels.  Fort  Schuyler,  located  on  Throgs  Neck,  is  not  recommended  during 
severe  storms  because  of  possible  high  surge  (5.5  ft  over  current  dock  heights 
during  the  September  21,  1938  hurricane)  and  lack  of  protection  from  high  winds. 

Specific  berths  are  evaluated  in  the  following  subparagraphs  5.3.2-- T  4 : 

5.3.2  Leonardo  Piers,  Naval  Weapons  Station,  Earle,  New  Jersey 

The  Leonardo  Piers  are  not  recommended  due  to  their  exposed  position. 

5.3.3  Floyd  Bennett  Field  Wharf 

Floyd  Bennett  Field  Wharf  is  not  recommended  due  to  the  exposed  position  of 
the  pier  and  the  difficulty  of  access.  Coast  Pilot  2  lists  four  sunken  wrecks 
near  Rockaway  Inlet  entrance  or  in  the  inlet  itself.  The  inlet  is  also 
obstructed  by  a  shifting  sandbar. 

5.3.4  Military  Ocean  Terminal,  Bayonne  Annex 

Military  Ocean  Terminal,  located  on  the  western  side  of  Upper  Bay,  is  well 
protected  from  ocean  swell  and  wind  waves,  but  is  somewhat  exposed  to  winds  from 
all  except  the  southern  quadrant.  The  low,  flat  nature  of  the  Bayonne  Peninsula 
and  Newark  Airport  to  the  west  offer  little  wind  protection  from  the  west. 

Staten  Island  to  the  south  offers  protection  from  that  southerly  direction.  The 
piers  are  two  feet  above  the  highest  recorded  surge  in  the  area  (11  ft  above  M  L  W 
at  Caven  Point,  12  September  1960). 
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5.3.5  U.S.  Coast  Guard  Piers.  Governors  Island 

The  Coast  Guard  Piers  are  fairly  well  protected  from  both  wind  and  seas 
except  from  a  northeast  or  southwest  direction.  These  piers  are  subject  to 
being  awash  in  extremely  high  surge  because  of  their  low  deck  heights.  Currents 
in  Buttermilk  Channel  and  the  probability  of  debris  in  the  channel  during  heavy 
weather  must  considered.  These  piers  are  not  recommended  for  visiting  Navy 
ships  during  storms  due  to  the  nature  and  requirements  of  the  Coast  Guard's 
mi  s s i o n  . 

5.3.6  Passenger  Ship  Terminal 

The  Passenger  Ship  Terminal  berths  are  highly  recommended  as  storm  berths. 
They  are  well  protected  from  strong  east-west  winds,  although  somewhat  exposed 
to  direct  north-south  winds.  The  N-S  winds  may  be  intensified  by  channeling 
along  the  Hudson  River.  There  is  good-  depth  alongside,  but  deck  heights  could 
be  awash  in  severe  storms  due  to  storm  surge.  These  berths  are  normally  used 
for  mooring  cruise  vessels  during  the  season,  and  availability  would  be 
controlled  by  the  City  of  New  York. 

5.3.7  Brooklyn  -  Port  Authority  Marine  Terminal,  Piers  1-12 

Piers  1  through  12  are  marginally  recommended  for  storm  mooring.  Wind  and 
wave  protection  are  fair  to  good.  The  inside  pier  berth  ( i . e . ,  in  Atlantic 
Basin)  at  Pier  12  is  the  most  protected  berth.  Outside  berths  facing  Buttermilk 
Channel  and  the  East  River  are  subject  to  damage  from  floating  debris.  The 
Brooklyn  side  at  the  East  River  entrance,  despite  its  appearance  as  being  fairly 
well  protected  by  lower  Manhattan,  was  subject  to  heavy  wind/wave  battering  by 
NW  winds  in  the  September  21,  1938  hurricane.  These  piers  are  controlled  by  the 
Port  Authority. 

5.3.8  Col umbi a _ Street  Marine  Terminal 

The  Coljmbia  Street  pier  appears  to  be  an  excellent  storm  berth.  Located 
on  the  east  side  of  the  Upper  Bay  in  Gowanus  Bay,  the  berths  are  easily 
accessible  and  have  good  protection  from  wave  action.  Wind  protection  is 
provided  by  surrounding  structures  and  terrain.  The  piers  are  large  and  deep 
berthed,  but  at  10  ft  above  MLW,  could  be  awash  in  severe  storm  surge.  They  are 
controlled  by  the  Port  Authority  of  New  York/New  Jersey. 

5  .  3  .  y  Re  r  t  E_1  i_z_a be  t  h  and  P o r  t_Newa_r k 

Ports  Elizabeth  and  Newark  are  colocated  in  Newark  Bay  and  are  similar  in 
size  and  function.  Both  ate  large,  modern  terminals  handling  primarily  general 
and  container  cargo.  1 h e  terminals  are  somewhat  exposed  to  high  winds  due  to 

the  generally  surrounding  flat  t**rra l n  I  Newark  Airport  to  the  west  and  Newark 
Bay  to  the  east;;  hnweyr,  :  on-,  t  r  ui.  1 1  on  on  the  wharves  offers  some  N-T  wind 
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protection.  Fetch  across  Newark  Bay  is  limited,  so  wind/waves  buildup  is 
restricted.  Although  the  berths  should  provide  good  storm  berths,  they  are  not 
recommended  as  primary  choices  due  to  heavy  commercial  traffic  and  the  difficult 
access  route  to  reach  them.  Port  Elizabeth  is  controlled  by  the  Port  Authority 
of  New  York/New  Jersey  and  Port  Newark  is  controlled  by  the  City  of  Newark. 

5.3.10  Howland  Hook  Container  Terminal 

Howland  Hook  on  the  northwest  side  of  Staten  Island  at  the  northern 
terminus  of  Arthur  Kill  is  a  modern  wharf.  It  is  somewhat  well  protected  except 
from  a  north  to  northwest  wind.  With  only  7  ft  of  deck  height  above  MLW,  the 
wharf  is  subject  to  severe  inundation  during  major  storm  surge;  Hurricane  Donna 
caused  11  ft  surge  in  the  area.  The  terminal  handles  heavy  commercial  traffic, 
has  difficult  access,  and  is  not  recommended  for  storm  berthing. 

5.3.11  Former  New  York  Naval  Shipyard 

Located  1.7  miles  up  the  East  River  from  Upper  Bay  in  Wallabout  Basin, 
these  three  piers  are  well  protected  from  both  wind  and  wave  action.  However, 
access  to  the  piers  may  be  a  problem  due  to  harbor  congestion  and  the  tricky 
currents  in  the  East  River  (see  Coast  Pilot  2).  late  arrival  after  winds  and 
seas  have  picked  up  will  increase  navigation  problems.  These  piers  provide  good 
storm  berthing  with  possible  inundation  during  heavy  storm  surge.  The  City  of 
New  York  and  the  U.S.  Navy  own  these  piers. 

5.3.12  South  Street  Seaport  Museum 

The  South  Street  Seaport  Museum  is  not  recommended  for  storm  berthing. 

Pier  16  normally  has  three  permanently  moored  vessels  on  exhibition  and  Pier  15 
berths  two  barges.  Strong  East  River  currents,  heavy  local  traffic  congestion 
and  the  possibility  of  one  of  the  permanently  moored  vessels  or  barges  breaking 
moorings  during  heavy  weather  make  this  a  questionable  berth  during  a  storm. 

5.3.13  Fort  Schuyler 

Fort  Schuyler,  at  the  extreme  western  end  of  Long  Island  Sound,  is  located 
on  a  slender,  low,  flat  peninsula  beneath  the  Throgs  Neck  Bridge.  Although  the 
pier  deck  height  is  10  ft  above  MLW,  heavy  storm  surge  such  as  was  recorded  with 
the  21  September  1938  hurricane  would  place  the  piers  approximately  5  ft 
underwater.  This,  plus  exposure  to  winds  from  all  quadrants,  make  the  piers 
poor  hurricane  berths.  They  are  not  recommended. 

5.3.14  Use  of  Anchorages 

Lower  Bay  is  a  large,  exposed  expanse  of  water.  It  is  not  recommended  as 
an  anchorage  for  any  wind  conditions  above  gale  force.  Gravesend  Bay  (Anchorage 
No.  25)  with  a  sand  bottom  is  considered  a  good  anchorage  with  sufficient 
holding  for  most  classes  of  naval  ships  up  to  gale  force  winds.  Anchorage  44, 
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off  Perth  Amboy  at  the  western  extremity  of  Raritan  Bay  and  witn  31  ft  depth, 
could  handle  two  ships  of  destroyer  size,  but  is  exposed  to  east  winds.  The 
northern  part  of  anchor- age  49F  between  the  northern  tip  of  Sandy  Hook  and  the 
Earle  piers  provides  good  holding,  but  is  reserved  for  ships  with  explosives. 
There  are  several  other  anchorages  in  Sandy  Hook  and  Raritan  Bay,  but  due  to  the 
exposed  conditions  and  questionable  holding  they  are  not  recommended. 

Upper  Bay  contains  deep-water  anchorages  off  Bay  Ridge  (Anchorage  No. 
21A,  B  and  C)  and  Stapleton  (Anchorages  No.  23A,  B  and  24).  Bay  Ridge 
Anchorages  21B  and  21C  are  not  good  holding  anchorages  in  strong  west  to 
northwest  winds.  21A  is  a  shallow-water  anchorage  used  primarily  for  barges. 
Stapleton  Anchorages  are  good,  natural,  deep-water  anchorages  with  good  wind 
protection  provided  by  Staten  Island  to  the  west  and  good  holding. 

Anchorage  No.  19  on  the  east  side  of  the  Hudson  River  between  80th  and 
137th  Streets  in  Manhattan  is  well  protected  from  east-west  winds.  Due  to 
limited  holding  capability  of  the  bottom,  however,  ships  displacing  more  than 
34,000  tons  should  not  use  this  anchorage. 

There  are  no  general  anchorage  areas  at  the  western  end  of  Long  Island 
Sound.  General  anchorage  is  afforded  in  the  sound  westward  of  Norwalk  Islands 
toward  the  north  shore  with  good  holding  in  northern  winds.  There  is  anchorage 
for  large  vessels  in  the  bight  outside  Bridgeport  Harbor  Light  wHth  some 
protection  from  norther  1 y -wi nd s ,  but  neither  is  recommended  as  hurricane 
anchorages. 

5.4  RETURNING  TO  HARBOR 

Returning  to  the  harbor  after  successful  evasion  at  sea  can  present  many 
hazards  if  the  storm  struck  the  harbor  area  with  any  intensity.  There  is  the 
possibility  of  wrecks  in  the  navigation  channels,  large  floating  debris,  damage 
to  piers  and  general  after-storm  harbor  congestion.  Pier  damage  and/or  storm 
surge  may  have  disrupted  alongside  services.  There  is  also  the  possibility  that 
channel  markers  and  other  navigation  aids  may  have  shifted  position  or  otherwise 
become  unreliable. 
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5.5  ADVICE  FOR  SMALL  CRAFT 

Small  craft  should  be  removed  from  the  water  and  tightly  secured  well  above 
possible  storm  surge  levels.  Best  protection  is  inside  some  type  of  storage 
building  to  prevent  possible  damage  by  flying  objects  or  to  prevent  the 
possibility  of  broken  tie-downs  in  high  winds.  Local  knowledge  is  the  best 
guide  to  weathering  a  storm  in  local  harbors;  the  New  York  Harbor  complex  has 
many  small  harbors,  coves,  inlets,  etc.,  which  might  provide  protection  in  heavy 
weather.  Look  for  good  wind  protection,  and  be  aware  of  the  local  storm  surge 
water  heights  in  allowing  enough  mooring-line  slack.  Exceptional  anchor  weight 
should  be  used  to  prevent  dragging  in  high  winds;  small  craft  that  have  broken 
their  lines  or  are  dragging  anchor  can  pose  a  danger  to  other  moored  craft. 
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XVII.  PHILADELPHIA.  PENNSYLVANIA 


SUMMARY 


This  study  concludes  that  the  Philadelphia  harbor  is 
a  haven  from  hurricanes.  Philadelphia's  distance  from  the 
open  ocean  via  both  the  most  direct  overland  route  and  along 
the  Delaware  Bay/River  estuary  provides  protection  : or  the 
harbor  from  both  wind  and  storm  surge  extremes.  Local 
flooding  can  occur,  however,  as  a  result  of  the  combined 
effects  of  heavy  precipitation  and  runoff,  tidal  action,  and 
the  piling  up  of  water  in  the  Delaware  Bay/River  under 
strong  southerly  winds. 

It  is  reccm m ended  that  U.S.  Navy  vessels,  with  the 
exception  of  those  at  the  Navy  Yard  finger  piers,  remain  at 
their  regular  bertns  and  take  prescribed  measures  to  ensure 
protection  of  life  and  property.  Ships  at  the  finger  piers 
that  can  be  moved  should  be  reberthed  in  the  Reserve  Bas  n . 

There  are  no  hurricane  anchorages  in  the  Delaware 
River,  whose  bottom  is  soft  mud.  However,  anchorages  in  the 
lower  Delaware  Bay  have  been  used  by  as  many  as  2  0  -  30  ships 
during  a  period  of  hurricane  force  winds. 


1.  GEOGRAPHIC  LOCATION  AND  TOPOGRAPHY 

The  port  of  Philadelphia  is  located  on  the  Delaware  River  approximately 
45  n  mi  above  the  Delaware  Bay  and  87  n  mi  frirr  the  Atlaitic  Ocean.  Distances 
are  measured  along  the  40  ft  deep  federal  project  channel,  which  extends  from 
the  ocean  along  the  main  channel  in  Delaware  Bay  and  River  to  the  Philadelphia 
Naval  Shipyard  at  mile  81.  The  channel  continues  upriver  to  the  Trenton  Marine 
Terminal  (mile  115),  with  a  minimum  depth  of  25  ft. 

The  Delaware  River  flows  into  Delaware  Bay  at  a  point  arbitrarily  defined 
by  the  legislatures  of  Delaware  and  New  Jersey  as  a  line  between  Liston  Point, 
Delaware,  and  Hope  Creek,  New  Jersey  (see  Figure  XVI  I  - 1 ) .  From  the  mouth  of 
the  river,  Delaware  Bay  extends  southeastward  approximately  42  n  mi  to  the 
Delaware  Capes  and  the  Atlantic  Ocean.  The  Naval  Base  and  the  Philadelphia  Nava 
Shipyard  are  at  the  junction  of  the  Delaware  and  Schuylkill  Rivers  approximately 
6  n  mi  southwest  of  the  center  point  of  the  port  of  Philadelphia  and  SI  n  mi 
(along  the  main  channel)  from  the  Atlantic  Ocean.  Figure  XVI  I  - ?  shows  the  area 
of  Philadelphia,  the  Delaware  and  Schuylkill  "ivers  and  the  Naval  activities. 

This  hurricane  haven  evaluation  was  prepared  by 
R.  E  .  Enqlebretson  and  J.  D.  Jarrell  of  Science 
Applications,  Inc.  (SAI)  ,  Monterey,  CA  91940. 
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Figure  XVII-1.  Locations  of  Philadelphia,  the  Delaware  River,  and  Delaware  Bay, 
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Figure  XVI I  -  2 .  The  U.S.  Naval  Base/Naval  Shipyard,  Philadelphia,  at 
the  confluence  of  the  Schuylkill  and  Delaware  Rivers. 
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The  entrance  to  Delaware  Bay  from  the  Atlantic  Ocean  is  from  the  southwest. 
The  entrance  is  about  10  n  mi  wide;  Cape  May,  an  extensive  peninsula,  is  or  the 
northeast  side  and  Cape  Henlopen  is  on  the  southwest  side.  extensive  snoais 
exist  in  the  Bay  entrance,  particularly  in  the  northern  and  centra!  portions. 

!he  entrance  channel  for  deep  draft  vessels  is  near  Cape  Henlopen.  Ine  topo¬ 
graphy  of  the  surrounding  land  area  is  very  flat  with  few  points  above  10  0  ft. 
The  majority  of  New  Jersey  east  of  the  Delaware  bay  and  k  1  v  e  r  is  less  than  4 !  ft 
above  MSI. 

The  Delaware  River  extends  northward  from  the  Ueiawi'e  ray  ana  then  north¬ 
eastward  to  the  Philadelphia  area.  in  tne  1  m mediate  vicinity  of  the 
Philadelphia  Naval  Base,  the  river  c  h  a  r  r.  e  1  is  oriented  east -  west. 

The  extensive  shoaling  of  Delaware  Bay  greatly  u  a  m  ■  e :  i  s  any  waves  o r  s  t  c  r  ■■ 
surge  generated  Dy  the  open  ocean.  The  distance  i  r  lans  tc  r  »s  i  ’  <•  del  pr"  a  ' 
the  natural  barrier  provided  by  the  continental  coastline,  ar  ;  t  >  e  n’gn  ' at l tube 
all  combine  to  limit  the  threat  of  hu,''oane  force  winds  ’  "^a _  t  ’  '■ ,  toe  'in:  a 
area. 

Hooding  is  tne  major  prooiem  related  to  tropi  .  a '.  .  m«s  '•  .'*• 

Philadelphia  area.  The  flat  topography  of  tne  region  gi.es  ■  •  ■  s >.  t  tne 

river  bed,  whicn  (  reduces  a  ticial  range  of  nearly  o  ft  in  trie  t  '  a 

harbor.  Tidal  action,  storm  surge  and  run-off  during  storm  s  .  a  c  :  ■  :  i  n  a  to 
produce  threatening  flood  levels. 

The  open  ocean  approaches  to  Delaware  Bay  nave  few  cost’., of;  ;rs  .hart 
12  2  14  cape  May  to  Fenwick  Island).*  The  20  fathom  curve  1  s  a  o  .>  t  2  :  n  i 
off  snore.  Depths  inside  the  20  fathom  curve  are  i  >■  r  ey  u  1  a  r  ,  n  »e.or,  a  no  Jeep- 
dr- aft  vessels  should  be  sur-e  of  their  position  before  a  p  p  >  u  a  v  n  i  n  g  c  1  o  -  e  r  than 
depths  of  12  fathoms. 

Delaware  Bay  has  many  snoais  as  shallow  as  o  ft  chart  1  2  3  J  4  Delaware  a  v  . 
and  there  are  extensive  shoal  areas  close  to  the  main  channel.  The  Bay  has 
natural  depths  H  31)  ft  or  more  for  about  j  n  mi  above  the  entrance,  and  then  a 
federal  project  channel  depth  of  40  ft  to  beyond  the  naval  facilities  at 
Philadelphia.  The  naval  facilities  are  located  at  the  junction  of  the 
Schuylkill  and  Delaware  Rivers  (Chart  12313  Delaware  River,  Philadelphia  ana 
Camden).  Tne re  are  naval  anchorages  in  Delaware  Bay  and  the  Delaware  Livor  as 
well  as  at.  the  Philadelphia  naval  facilities.  Details  are  given  on  tne 
following  charts: 

(1)  Chart  12313  Delaware  River,  Philadelphia  and  Camden 

(2)  (hart  12312  Delaware  River,  Wilmington  to  Philadelphia 

(3)  Chart  12311  Delaware  River,  Smyrna  River  to  Wilmington 

(4)  Chart  12304  Delaware  Bay 

( b )  Chart  12214  Cape  May  to  Fenwick  Island 

*  ...  (.oast  Pilot,  3 . 


mu. \dki. imii  \.  i» \ 


2.  HARBOR  FACILITIES 

P  h  :  1  a  o  „■ 1  p  h  )  a  is  a  majur  U .  S .  ;  o  r  t  comprising  the  navigable  waters  of  t  n  e 
D e I  a  w  d  r  e  ana  Schuylkill  Rivers.  On  the  Delaware  River  the  municipal  limits 
extend  from  fort  Mifflin  on  tne  south  to  Poquessing  Creek  on  the  north,  a 
distance  of  about  20  n  mi.  The  port  handles  large  quantities  of  general  cargo 
in  o  o t  n  foreign  and  domestic  t  r  a  d  e . 

A  federal  project  channel  40  ft  deep  is  the  main  channel  from  the  sea 
through  Delaware  Bay  and  River  to  the  Philadelphia  Naval  Shipyard  at  Mile  Si. 
The  channel  continues,  with  a  minimum  depth  of  3/  ft,  up  the  Delaware  River  to 
the  U . S .  Steel  basin  opposite  Newbold  Island  at  Mile  110.  Dredging  depths  to 
2b  ft  continue  upriver  to  the  Trenton  Marine  Terminal  at  Mile  110. 

There  are  two  fixed  bridges  over  the  Delaware  River  below  the  Naval 
Shipyard.  The  Delaware  Memorial  Bridge  at  Mile  60  has  twin  suspension  spans 
over  the  main  channel  with  a  clearance  of  183  ft  for  the  middle  800  ft.  The 
Commodore  John  Barry  Bridge  at  Mile  71  has  a  clearance  of  131  ft  for  a  1600  ft 
width  over  the  main  channel. 

Philadelphia  has  more  than  4b  deep-water  piers  and  wharves  along  its 
Delaware  and  j  c  h  u  y  1  k  i  1  1  River  waterfronts.  Most  of  the  Schuylkill  River  facili¬ 
ties  are  used  to  handle  bulk  petroleum  products.  The  general  cargo  piers  and 
wharves  are  mostly  3-8  n  mi  beyond  the  Naval  shipyard  on  the  Delaware  River. 

The  Cod'.  Guard  Captain  of  the  Port  Station  is  located  at  Gloucester,  New 
Jersey;  the  M  rine  Inspection  Office,  Coast  G  r d ,  is  in  the  Custom  House, 
Philadelphia. 

2.1  NAVAL  FACILITIES 

The  major  Naval  activities  in  the  Philadelphia  area  are  Naval  Base, 
Philadelphia,  and  the  Philadelphia  Naval  Shipyard.  The  Commander,  Naval  Base 
Philadelphia  (COMNAVBASEPHILA),  has  been  designated  S0PA  (ADMIN),  Philadelphia. 

The  Port  Services  Officer  under  the  Commander,  Philadelphia  Naval  Shipyard 
(COMPHILANAVSHIPVD),  is  responsible  for  ensuring  that  all  appropriate  port 
services  are  rendered  to  -ships  under  naval  control  in  the  Philadelphia  area; 
this  includes  assignment  of  berths  and  anchorages,  and  use  of  piers.  Assignment 
of  shipyard  berthing  is  made  by  the  Naval  Shipyard  Berthing  Officer. 

2.2  NAVAL  BERTHS  AND  ANCHORAGES 

Figure  XVI  1-3  shows  the  piers  and  wharves  of  the  Philadelphia  Naval 
Shipyard.  Table  XVI  I  - 1  provides  lengths  and  least  depth  alongside  information. 
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Figure  X  V  1 1  -  3  .  Naval 
pi ers  and  wharves 
at  the  Naval  Ship¬ 
yard,  Phil adel phi  a 


Table  XVI  I  - 1 .  Piers  located  at 
the  Naval  Base.  E  and  W  refer 
to  east  and  west  side  of  piers. 
Piers  A  through  F  are  located 
within  the  Reserve  Basin.  See 
above  figure  for  locations. 
Dredged  depths  are  30'-Piers 
1 ,  4 A ,  A,  B,  C,  D,  E,  N 
(wharf),  B8  and  B9*;  35'-Piers 
2  E  ,  5 E ,  6 ;  40'-Piers  2W,  4,  5W- 

*West  of  damage  control  center. 
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Pier 

Length 

(Feet) 

Least  Depth  A1 ongsi de 
(Ft  at  MLW ) 

1 

390 

E.  18.0 

W.  18.0 

2 

894 

E.  32.0 

W.  30.0 

4 

1140 

E.  33.0 

W.  36.0 

4  A 

390 

25.0 

5 

778 

E.  30.0 

W.  30.0 

6 

970 

E.  30.0 

W.  30.0 

6  A 

225 

E.  22.0 

W.  25.0 

A 

Col  1  a  p  s  e  d 

E  .  21.0 

B 

Col  1 apsed 

E  .  21.0 

W.  21.0 

C 

Col  lapsed 

E  .  21.0 

W.  21.0 

D 

Col  lapsed 

E  .  21.0 

l 

720 

t  .  19.0 

F 

600 

25.0 
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Tidal  conditions  require  that  ships  entering  the  Naval  Shipyard  for 
berthing  arrive  at  assigned  times.  Destroyers  or  smaller  ships  are  not 
restricted  by  tidal  conditions  in  berthing  at  the  shipyard.  Berthing  of  naval 
auxiliaries  and  large-type  ships  is  restricted  to  the  following: 

(1)  Piers  2E,  4E,  5 1 ,  and  6E:  1/2  hour  after  flood  tide  begins, 

(2)  Piers  2W,  4W,  and  5 W :  1/2  hour  after  ebb  tide  begins,  and 

1,3)  Pier  6W:  berth  only  on  slack  or  ebb  tide. 

Visiting  Navy  ships  normally  use  Penn's  Terminal  which  is  about  6  miles 
above  the  Shipyard  on  the  left  bank.  Those  ships  that  cannot  pass  under  the 
Walt  Whitman  Bridge  (150  ft  vertical  clearance)  use  the  Parker  Avenue  Terminal 
about  3  miles  above  the  Shipyard.  (Terminals  are  not  shown  in  Figure  X  V  1  1  -  3 .  ) 

2.3  TUG  AVAILABILITY  AND  PILOTAGE 

Tugs  are  available  for  all  Navy  ships  of  destroyer -escort  size  and  larger, 
berthing  at  the  Naval  Base.  Ships  smaller  than  destroyer-escorts  may  request 
tug  services  at  their  option. 

A  large  fleet  of  commercial  tugs  up  to  2 0 0 0  hp  is  available  at 
Philadelphia.  In  general,  however,  most  vessels  make  the  run  from  the  sea  to 
Philadelphia  under  their  own  power. 

Pilots  are  not  compulsory  for  U.S.  Navy  ships,  but  are  recommended,  except 
in  cases  where  the  commanding  officer  is  familiar  with  the  river,  current 
hazards,  and  instructions.  Docking  and  Naval  Shipyard  pilots  are  available  and 
should  be  used  for  all  ship  movements  at  the  shipyard. 

Pilotage  on  Delaware  Bay  and  Delaware  River  is  compulsory  for  all  foreign 
vessels  and  U.S.  vessels  under  register  in  the  foreign  trade.  Pilotage  is 
optional  for  U.S.  vessels  in  the  c'oastwise  trade  that  have  on  board  a  pilot 
licensed  by  the  Federal  Government  for  their  waters.  Pilot  services  are 
available  24  nours  a  day.  Pilots  board  incoming  vessels  from  the  pilot  boat  in 
the  pilot  cruising  area  off  Cape  Henlopen. 

2.4  NORMAL  TIDE  AND  WEATHER  CONDITIONS 

A  factor  of  4  hours  45  minutes  standard  time,  or  5  hours,  45  minutes  day¬ 
light  saving  time,  applied  to  the  slack  water  time  at  the  entrance  to  Delaware 
Bay,  'lives  the  local  time  of  the  momentary  slack  water  in  the  channel  off  the 
shipyard.  Maximum  current  velocities  averaging  2.2  kt  can  be  experienced  off 
the  shipyard.  The  mean  range  of  tide  is  5.9  ft  at  Philadelphia. 

Ihe  proximity  of  Delaware  Bay  moderates  the  Philadelphia  area  winter 
temperatures.  Lony  periods  of  cold  weather  are  rare,  with  below  zero 
(Fahrenheit)  readings  occurring  only  every  few  years.  Due  to  the  maritime  air, 
humidity  is  high  ;  n  the  summer  and  fog  can  be  expected  in  fall  and  winter. 
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Prevailing  wind  directions  are  from  the  southwest  in  summer  and  from  the 
northwest  in  winter.  Destructive  force  winds  are  quite  rare.  The  strongest 
summer  winds  occur  mostly  as  gusts  during  thunderstorms.  In  winter  the  highest 
winds  occur  following  the  passage  of  cold  fronts  and/or  low-pressure  systems. 
Rarely  have  hurricanes  caused  widespread  damage.,  then  primarily  through 
flooding.  Flood  stages  in  the  Delaware  River  are  caused  by  abnormally  high 
tides  due  to  the  water  "backing  up"  under  the  influence  of  strong  south  or 
southeast  winds. 

3.  HEAVY  WEATHER  PLANS 

Information  regarding  hurricanes  and  destructive  storms  is  received  by 
COMNAVBASEPHILA  and  is  relayed  to  SOPA  who  in  turn  will  relay  to  all  ships. 

Ships  in  the  area,  unless  otherwise  directed  by  competent  authority,  will  ride 
out  storms  and  disturbances  at  their  regular  berths. 

Appropriate  measures  should  be  taken  to  protect  life  and  property.  Advance 
preparations  should  include: 

(1)  All  ships,  if  possible,  make  preparations  for  getting  underway. 

(2)  Put  out  additional  mooring  lines  or  wires  and  chains  as  necessary,  and 
even  up  strain  on  all  lines. 

(3)  Set  required  material  conditions  and  secure  all  loose  year,  canvas, 
rigging,  etc . 

(4)  In  the  case  of  a  local  disaster,  ships  present  at  the  Naval  Shipyard 
will  take  actions  in  accordance  with  the  Naval  Base,  Philadelphia  Disaster 
Control  Plan  3 . 

The  National  Weather  Services  VHF-FM  radio  stations  provide  mariners  with 
continuous  FM  broadcasts  of  weather  warnings,  forecasts,  radar  reports  and 
selected  weather  observations.  VHF-FM  radio  stations  with  reception  ranges  of 
up  to  40  miles  that  provide  broadcasts  for  the  P h  i  1 ade  1  ph  i  a - De 1  a w a r e  Bay 
area  are  K I H -  2  8  Philadelphia,  PA,  162.4  75  MHz;  and  KHB-38,  Atlantic  City,  NJ , 
162.40  MHz.  Additional  information  on  Coast  Guard,  commercial  and  National 
Weather  Service  weather  broadcasts  is  in  the  Appendix  of  Coast  Pilot  3  and  in 
the  NOAA  publication  "Worldwide  Marine  Weather  Broadcasts." 

3.1  1UG  AVAILABILITY 

The  Philadelphia  Naval  Shipyard  lias  two  600  hp  docking  tugs  available  for 
use  in  the  shipyard.  The  Navy  contracts  with  commercial  companies  for  all  other 
tug  support.  There  are  2b  to  30  tuys  up  to  a  size  of  2200  hp  available  in  the 
port.  While  tug  availability  is  adequate,  it.  should  be  noted  that  there  are  no 
dedicated  c  o  m  m  e  r  c  i  a  1  tugs  for-  Navy  ships. 
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Arriviny  ships  may  confirm  availability  of  tuys  by  contacting  "Command 
Control,"  Philadelphia,  on  2716  kHz  or  VHF  channel  13  (166.65  MHz)  or  channel  2i 
(157.1b  MHz)  about  one  hour  prior  to  arrival.  Commercial  tugs  for  towing  or 
docking  on  the  Delaware  River  are  usually  engaged  at  Wilmington  or  P  h  l  !  a  ■!  e  !  p  n  \  a . 

3.2  HURRICANE  BERTHING 

Berths  in  the  Reserve  Basin  are  the  most  protected  sites  within  the  \  u a  i 
Shi pyard  and  are  considered  suitable  hurricane  berths.  The  shipyard  finger 
piers  and  the  dry  docks  along  the  north  bank  of  the  Delaware  River  are  Subject 
to  flooding,  and  are  not  considered  suitable  as  hurricane  berths.  Ship  movement 
from  these  finger  piers  can  close  the  river  channel  for  one  to  two  hours,  both 
terminals  normally  used  by  visiting  Navy  vessels,  Penn  and  Parker  Avenue, 
provide  suitable  berthing  during  high  winds  as  long  as  proper  procedures  are 
f o 1 1  owed . 

In  general,  all  substantial  piers  and  wharves  in  the  Philadelphia  harbor 
are  considered  adequate  for  berthing  during  tropical  cyclone  passage  as  long  as 
appropriate  high  wind/high  water  precautionary  action  is  taken. 

3.3  HURRICANE  ANCHORAGES 

There  are  no  anchorages  in  the  Philadelphia  region  of  the  Delaware  River 
that  have  adequate  holding  for  use  in  hurricane  winds.  It  is  not  uncommon  for 
merchant  Ships  to  drag  anchor  and  run  aground  on  the  mud  shoals  during  6  0  k  t 
winds  in  winter.  The  lower  Delaware  Bay  however,  offers  anchorage  areas  suit¬ 
able  for  use  during  high  winds.  Experienced  pilots  indicate  they  nave  on 
occasion  observed  20  to  30  Ships  at  anchor  in  the  lower  Bay  during  occurrence  f 
hurricane  force  winds.  (See  chart  12304  for  anchorage  details.,! 

3.4  HURRICANE  PLANS  AND  PREPARATION 

The  Commanding  Officer  of  the  Coast  Guard  Station,  as  Captain  of  the  Port, 
is  responsible  for  the  safety  of  all  vessels  and  waterfront  facilities  except 
Navy  vessels  and  facilities.  The  NAVBASEPH1LA  Heavy  Weather  Instruction  and 
PHILANAVSHIPYD  Destructive  Weather  Plan  provide  direction  and  guidance  for  Navy 
units  in  the  Port  of  Philadelphia  duriny  tropical  cyclone  events. 

The  Delaware  River  Ports'  Council  for  Emergency  Operations,  formed  in  1461, 
is  a  somewhat  unique  organization.  It  p  ovides  a  structure  under  which  the 
resources  of  state  and  local  governments  and  the  military  commands  of  the  area 
can  be  directed  as  a  coordinated  response  to  emergen  y  situations.  Continuing 
liaison  among  the  various  civilian  and  military  activities  is  maintained.  Ihe 
Council's  area  of  responsibility  extends  along  the  Delaware  River  from  Trenton, 
N.J ,  to  the  Atlantic  Ocean  Capes  of  Delaware  Bay.  This  organization  will 
coordinate  with  Coast  Guard  and  Navy  responses  duriny  emergency  situations. 
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4.  TROPICAL  CYCLONES  AFFECTING  PHILADELPHIA. 

4.1  INTRODUCTION 

Philadelphia,  being  north  of  the  climatological  zone  of  tropical  cyclone 
activity  and  located  more  than  50  n  mi  from  the  open  ocean,  rarely  experiences 
the  full  threat  of  hurricane  damage.  Geographically  the  station  is  just  upriver 
from  the  inland  end  of  a  converging  estuary  (Delaware  Bay).  Flooding  is  the 
major  concern  due  to  the  combined  effects  of  run-off  in  the  river  and  storm 
surge  from  the  Delaware  Bay. 

The  shape  of  the  Eastern  Seaboard  provides  to  some  degree  a  n  a  t  u ;  a  1  barrier 
for  areas  north  of  Hatter  as  against  northeastward-moving,  recurving  tropical 
cyclones.  Under  certain  synoptic  patterns,  however,  tropical  cyclones  do  not 
complete  their  recurvature  and  instead  move  rapidly  northward.  When  such  storms 
pass  overland  close  to  the  west  of  Philadelphia,  the  port  experiences  the 
greatest  threat  of  flooding. 

4.2  CLIMATOLOGY 

For  the  purposes  of  this  study,  any  tropical  cyclone  approaching  within 
180  n  mi  of  Philadelphia  is  considered  a  threat.  A  tropical  cyclone  is 
classified  as  a  hurricane-  if  it  was  of  hurricane  intensity  (winds  -^64  kt)  at  any 
time  during  its  passage  within  180  n  mi  of  the  port  of  study.  It  is  recognized 
that  a  few  tropical  cyclones  that  did  not  approach  within  180  n  mi  may  have 
affected  Philadelphia  in  some  way,  so  to  some  extent  this  criterion  is 
arbitrary. 

The  tropical  cyclone  season  for  the  U.S.  East  Coast  extends  from  May  to 
November.  Although  tropical  cyclones  have  occurred  in  the  North  Atlantic  during 
all  months  of  the  year,  all  but  two  tropical  cyclones  that  threatened 
Philadelphia  occurred  from  June  through  November.  One  tropical  cyclone  occurred 
in  each  of  the  months  of  February  and  December.  Figure  XVI  1-4  is  a  monthly 
summary  of  tropical  cyclone  occurrences  for  the  Philadelphia  area.  Of  the  76 
tropical  cyclone  threats  that  occurred  in  the  94-year  period  of  record  1886- 
1979,  63  (83%)  occurred  in  the  months  of  August  through  October  with  the  peak 
threat  l  ri  August  and  “September.  Tropical  cycl-.nes  tha*  were  of  hurricane 
intensity  at  any  time  during  passage  within  180  n  mi  of  Philadelphia  also  show  a 
marked  peak  occurrence  during  August  and  September  with  26  out  of  3b  (77%) 
occurring  during  those  months. 

Figure  XV II  -5  d’splays  the  tropical  cyclones  us  a  function  of  the  conpa*;. 
octant  from  which  they  ipproached  Phi  1  ude  I  ph  1  i ;  :t  is  evident  that  the  major 
threat  is  from  the  south  and  soutnwest.  An  average  r.  t  0.8  tropica.  I  cyclones  per 
year  (or  4  in  5  years)  piss  within  180  ri  mi  of  Philadelphia,  while  an  averaqt  of 
0.38  per  year  ;  o  ■  about  1  ever  y  third  year  -  >  i  r  of  h.irr  irane  intensity  at.  some 

point  during  their  p  a  s  s  a  g  e . 
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Figure  XVII-4.  Seasonal  distribution 
of  tropical  cyclones  passing  w i t h i r 
180  n  mi  of  Philadelphia,  February- 
November  (based  on  data  from  the 
period  1886-1979).  Monthly  totals 
shown  above  e  a  c  n  column;  numbers 
of  threats  of  hurricane  intensity 
are  shown  by  hatched  areas. 


Figure  X  V  I  I  -  5 .  Directions  of 
approach  of  tropical  cyclones 
that  passed  within  180  n  mi 
of  Philadelphia  during  the 
period  18/1-1979.  Numbers  of 
storms  approaching  from  each 
octant  are  circled;  percent 
figures  are  percentages  of 
total  sample  approaching 
f rom  tha t  oc  tan ' 
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Philadelphia  (near  40"  N)  is  located  north  of  the  typical  recurvature  lati¬ 
tudes  (iJb-.ib°N)  of  most  Atlantic  tropical  cyclones.  The  fast  toast  provides 
natural  protection  insofar  as  nearly  all  recurving  storms  approaching  from  the 
Atlantic  either  make  landfall  south  of  Hatteras  of  else  pass  the  Philadelphia 
area  offshore  to  the  soutneast. 

Some  storms  occasionally  do  not  complete  tne  re curvature  and  are  accele¬ 
rated  northward,  a  movement  that  typically  occurs  when  an  upper  level  trouyh  is 
located  over  the  eastern  united  States.  C 1 i m a t o 1 oy i c a  1 1 y ,  this  circulation 
pattern  is  more  likely  to  develop  during  the  fall  season;  therefore,  the  fast- 
northwaro-mov  l  ny  storm  is  most  likely  in  the  latter  part  of  the  hurricane 
season.  September  offers  the  greatest  potential  for  s,.c  a  store  to  threaten 
tnp  dif.'U  ecai.se  o f  three  factors: 

;  i  )  Ir'opical  .  y  clone  activity  is  greatest. 

[2;  north  Atlantic  subtropical  high  pressure  systems  are  strong. 

v  J,  An  occaoiorid'  deep  mid-latitude  trough  is  located  over  the  E  a  ■  t  Coast 
s  u  r i n  j  t  h l s  fall  t r a  n  s i t  i  :  n  period. 

loose  factors  ■_  n  combine  to  modify  the  normal  -curvature  of  a  tropica! 
cyclone  and  s  t  e>-  i rapidly  northward  into  the  Philadelphia  area.  buen  fast- 
moving  .terms  •  .fi.i  to  lose  less  of  their  energy  as  they  pass  rapioly  over  the 
colder  w  a  t  e '  ;:-weou  the  nun  h  wall  of  the  Gulf  it  ream ,  and  the  coastal  areas. 
Ihe  i  •  i  r. ..  r  >  t.i  n  win  tne  iio-latitude  trough  provides  the  atmospheric  conditions 
s  j  l  t  a  o  !  e  tor  cjivi'imiDN  ,t  the  tropical  cyclone  to  an  ex  t  ra  t  r  o  p  i  c  a  1  storm. 

'inu-r  tne  .ori'!  :  t  I  on  s  an  intense,  fast-moving,  m  i  d  -  I  a  t  l  t  ud  e  Storm  frequently 
'  e  v  e  i  ip  . 

W  n  en  t  h  e  s  e  s  t.  o  >  m  s  p  a  s  s  over  u  r  j  u  s  t  to  t.  h  e  w  e  s  t  o  f  Phi  lade)  p  hi  a,  the  s  t  r  o  n  g 
soul,  he’  1  y  wind  i  sw  over  tne  Delaware  bay  can  create  a  storm  surge.  Storms  ■  f 
tnis  type  typical  i  .y  produce  he  ivy  rainfall,  which  further  increases  the  wale' 
level  at  the  he  a  :  of  estuaries  such  as  Delaware  Bay.  The  comp  j  ndtt  on  of  s  Ion 
surge  and  rainfall  run- o  f  f  creates  extreme  high  water  conditions  for  locations 
I i k e  Philadelphia. 

figure-,  XVI  1-0  tnrougii  XVI  1-9  are  statistical  summaries  of  threat,  proba¬ 
bilities  based  on  tropical  cyclone  tracks  for  the  i:.J9-year  period  1 /  1  -  1  'J  1 9 . 

The  data  are  shown  seasonally:  the  light  lines  representing  percent  threat  fur 
tne  1  ID  ri  mi  circle  Surrounding  Philadelphia,  and  the  heavy  lines  represent 
approximate  a  p  p  r  e  a  c  h  times  to  P  h  i  1  a  d  e  1  ph  a .  In  I  i  g  a  r  e  X  V  I  i  -  'f  ,  for  e»  am  pi  e  ,  a 
tropical  cyclone  located  near  2VN,  i  2°  w  if.  September  has  donut  a  ?fl  pt-r .  on  f 
c  h  a  n  1  e  of  pausing  within  I'D  n  mi  of  Philadelphia  i  o  d  ,  it  the  s  ;>  •>  e  ,1  r  e  m  a  i  n  s 
c!r)se  to  file  c  I  l  mi  t.  0  1  c  ;  i  ■■  a  I  normal,  it  will  re  a-  h  f  he  area  in  a  b  o  o  t  i  to  -1  days. 
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Figure  XVI  1-6  Annual  probability  and  CPA  curves  ‘nr  ail 
tropical  cyclones  passing  within  1;;0  n  ■■  i  (shaded  circle, 
of  Philadelphia,  based  on  data  from.  1871-1979. 


Summarised  annually  (Figure  X V  1  1  - 6  j ,  the  p r  i  m a r y  t  h r e a  t  axis  to-- 
Pni 1 adel phi  a  is  along  the  Last  Coast  through  Matt  eras  and  off  the  east 
Florida,  then  curving  southeastward  over  the  Saha  mas.  Most  threat  star 

to  the  east  of  Philadelphia  over  the  open  ocean. 

Lor-  late  and  early  season  storm  s ,  October  tn  rough  June  ( f  i  gurv 
major  threat  axis  is  from  the  Gulf  of  Mexico  then  overland  pd  '\i  I  ! e . : n  . 
Atlantic  coast  line.  The  source  region  fo>  most  of  these  ti'Ssr  stars 
western  Caribbean  and  the  Gulf  of  Mexico.  Since  lH.-lo ,  there  have  been 
Mo  v  ember-  J  une  storms  approach  i  rig  within  130  n  mi  of  P  h  i  i  a  d  e  1  ;>h  i  ,i  while 
maintaining  hurricane  force  (,(>64  kt)  winds. 

During  July  and  August  (Figure  XV I  1-8;  the  no  a  r  t  meat  is  si  II  •>» 
from  the  southwest.  The  primary  threat  lobe  extends  fro:  the  •  i  ,nt  s 
secondary  threat  lobe  extends  from  the  Gulf  of  Mexico.  Most  storms  ■  is. 
water,  passing  Philadelphia  to  the  southeast.  by  September  :  h>  t  hm-ji 
probability  has  shifted  completely  offshore  (figure  XVil-d.. 

The  times  to  CPA  shown  in  figures  XVI  1-6  through  XVI  I -d  should  be 
caution:  it  is  not  the  a  v  e  r  a  g  e  storm,  but  rather  the  exceptionally  fast 
storm,  that  poses  the  greatest  danger  to  Philadelphia.  ligate  x  VII-/, 
example,  indicates  that,  an  October  storm  located  near  2 1»  “  N  /  4  °  W  should 
Philadelphia  in  about  4  days.  However,  Hurricane  Ha/el  >>t  14-lb  (Hiope 

traveled  this  distance  in  about  1  1/2  days. 
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the  west  is  significantly  hi  >j  n  o  r  . 

These  findings  are  as  expected.  f  i>-s:,  s  t  c>  >•  ~  s  pass 
land  and  in  general  have  been  over-  1  a  rid  longer  than  stj’-c. 
The  loss  of  their  low-level  energy  m  ,,rvt.  '.the  1  ran  a 'id 
surface  weaken  their  c  i  rc  1 1  at.  i  on.  second,  the  Surge  ■■■  a  >  i 
semicircle  of  the  storm  circulation,  wiiri-  i1  n  i  1  a  ;  e  i  ;  n  •  *  • 

p  a  s  s  a  g  e  s  to  the  west. 
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Tropical 


Passage 

Dace 


I . 

Agne  s 

6/22/72 

32 

2. 

Doris 

8/28/71 

36 

3. 

Donna 

9/12/60 

40 

4  . 

Flossy 

9/26/56 

Not 

5. 

Connie 

8/12/55 

40 

6. 

Hazel 

10/15/54 

82 

7  . 

Edna 

9/11/54 

4  1 

8  . 

Able 

9/01/52 

44 

9  . 

No  Name 

9/19/45 

Not 

10  . 

No  Name 

10/21/44 

43 

1  1  . 

No  Name 

9/14/44 

52 

12. 

No  Name 

10/01/43 

Not 

Maximum 
Gust  (kt ) 


Recorded 


Figure  XVII-10.  Track  segments  of  the  12  tropical  cyclones  that  produced 
sustained  winds  greater  than  22  kt  at  Philadelphia  International  Airport, 
1943-79.  Also  shown  is  the  track  of  Hurricane  Hazel,  October  1954,  the 
only  tropical  cyclone  on  record  to  have  produced  hurricane  force  winds 
(gusts  to  82  kt)  at  the  Airport.  The  dashed  portion  of  Hazel's  track 
indicates  occurrence  in  this  area  of  sustained  winds  of  greater  than  33  kt. 
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Table  XV 1 1 -  2 .  Data  on  storms  of  tropical  origin  that  caused  anomalous  water 
level  conditions  at  Philadelphia  during  the  period  of  1928  to  1960.  CPA  is 
Closest  Point  of  Approach  and  SOA  is  the  tropical  cyclone  Speed  of  Advance 
at  CPA.  (After  D.  Lee  Harris,  1963.) 


Date/ Name 

CPA 

SOA 

Surge 

Height 

Center 

Wi  nd 

Center  Passed 
East/West 

129  n  mi 

17  kt 

3.0  ft 

40  kt 

West 

WSSBsBi 

45 

19 

4.5 

35 

West 

23  Aug  1933 

19 

6.7 

45 

15-17  Sep  1933 

8 

2.3 

70 

1 

18-19  Sep  1936 

95 

16 

2.0 

85 

East 

21-22  Sep  1938 

115 

38 

2.9 

85 

East 

14-15  Sep  1944 

92 

30 

2.1 

75 

East 

CAROL 

31  Aug  1954 

107 

31 

2.6 

85 

East 

EDNA 

11-12  Sep  1954 

153 

23 

-1.5 

90 

East 

HAZEL 

15-16  Oct  1954 

120 

42 

mm 

70 

West 

CONNIE 

12-14  Aug  1955 

69 

14 

5.0 

45 

! 

West 

DONNA 

12  SEP  1960 

96 

30 

3.2 

90 

East 

The  exceptional  storm  tide  effects  at  Philadelphia,  however,  are  primarily 
due  to  local  surge  development  in  Del  .ware  Bay  and  the  retarding  effect  on  river 
outflow  by  the  strong  southerly  winds.  The  impact  of  these  effects  is  further 
exaggerated  by  heavy  rainfall  runoff.  The  passage  of  a  storm  to  the  west  of 
Philadelphia  provides  the  southerly  wind  field  over  Delaware  Bay  that  is 
necessary  to  create  exceptionally  high  water  at  the  port. 

5.  THE  DECISION  TO  EVADE  OR  REMAIN  IN  PORT 

5.1  REMAINING  IN  PORT  PREFERRED 

The  port  of  Philadelphia  is  considered  to  be  a  hurricane  haven,  so 
remaining  in  port  is  the  recommended  action.  The  Penn  and  Parker  terminals  and 
the  Reserve  Basin  provide  suitable  berthing  during  hurricane  winds,  provided 
prescribed  measures  to  ensure  protection  of  life  and  property  are  taken.  Ships 
berthed  at  the  Navy  Yard  finger  piers  that  can  be  moved  should  be  reberthed  in 
the  Reserve  Basin. 
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The  designation  of  Philadelphia  as  a  hurricane  haven  is  based  on  the 
following  factors: 

(1)  Hurricane  force  winds  associated  with  tropical  cyclones  are  extremely 
rare  in  the  Philadelphia  area.  The  only  occurrence  during  the  37-year  period 
1943-1979  was  during  Hurricane  Hazel  in  1954  when  maximum  peak  gusts  to  82  kt 
were  recorded  at  the  International  Airport. 

(2)  The  distance  inland  by  direct  route  or  along  the  Delaware  Bay/River 
estuary  greatly  reduces  the  energy  of  the  wind  and  hence  its  capacity  to  create 
water  waves,  as  compared  to  the  energy  level  in  tropical  cyclones  when  they 

f  i  rst  make  1 andf al 1  . 

(3)  Evading  to  the  open  ocean  is  a  high  risk  action  because: 

(a)  Under  normal  conditions  it  is  a  5  to  5  1/2  hour  passage  from 
Philadelphia  to  the  open  Atlantic. 

(b)  The  orientation  of  the ‘ coast  1 i ne  in  the  vicinity  of  the  mouth  of 
Delaware  Bay  allows  only  two  alternatives  once  the  open  ocean  is  reached:  head 
east  and  cross  the  likely  track  of  the  storm,  or  head  northeast  and  try  to 
outrun  the  storm.  Neither  is  a  preferred  option. 

(c)  The  24-  and  48-hour  mean  forecast  tropical  cyclone  position 
errors  are  large,  approximately  120  and  360  n  mi  (see  General  Guidance,  Figures 
1-3  and  1-4).  Thus  decision  making  becomes  even  more  difficult  once  the  open 
ocean  is  reached . 

5.2  RUNNING  FOR  SHELTER 

Ships  at  sea  should  give  due  consideration  to  their  distance  from  the  open 
ocean  and  the  space  restrictions  of  Philadelphia's  river-type  port  before 
considering  running  to  the  Port  of  Philadelphia  for  shelter.  However,  the  lower 
Delaware  Bay  provides  more  direct  access  from  the  open  ocean  and  some  shelter 
from  high  winds  and  seas.  The  Lower  Bay  historically  has  been  used  as  an 
anchorage  area  during  occurrences  of  hurricane  force  winds. 

5.3  ADVICE  FOR  SMALL  CRAFT 

The  universal  advice  for  preparing  small  craft  for  hurricane  force  winds  is 
to  remove  them  from  the  water  or  bottom  moor  them.  The  next  best  action  is  to 
move  them  into  the  smallest  bays  or  tributaries  possible  and  allow  for  extreme 
tidal  and  flooding  conditions.  During  the  passage  of  Hurricane  Connie  in  August 
1955,  the  high  water  level  exceeded  the  normal  high  tide  level  by  about  4  ft. 
Table  XVI  1-2  shows  that  a  storm  surge  of  5  ft  occurred  with  the  passage  of 
Connie;  this  storm  surge  apparently  occurred  near  the  time  of  high  tide, 
resulting  in  the  high  water  level.  There  are  no  recommended  small  craft  mooring 
facilities  in  the  main  harbor  of  Philadelphia  (Delaware  River  channel). 
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